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ABSTRACT 

On the instruction of the Council of Ontarxo 
Universities, the Advisory Committee on Academic Planning in 
coordination with the Committee of Ontario Deans of Engineering has 
conducted a planning assessment for doctoral work in metallurgical 
and materials engineering. A consultants* study of metallurgical and 
materials engineering is presented, encompassing interpretation of 
metallurgical engineering; the supply of and the demand for manpower; 
the quality of the educational experience; assessment of the programs 
at KcMaster University, University of Toronto, Queen's University, 
University of Waterloo, University of Western Ontario, University of 
Windsor; and interuniversity cooperation in Province of Ontario. 
Consultants' recommendations and recommendations of the council are 
presented in addition to general recommendations concerning other 
discipline areas. (HJH) 



Council oi Ontario Universities 
Conseil dvs Tnivcrsitcs de 1 'Ontario 



PB^SmiVES m PLAIiS 
FOR GRADUATE STUDIES 



it 

11. Engineering 1974 
C. Metallurgical and 

H\TERIALS ENGINEERING 



Advisory Cominitltc on AcadcDiic Planninjt; 
,i>nLai* iu C ouiic i 1 tni (ir aduaLc Stud i cs 

74- T) 



The status of this ri-j^ort is ^^ivi-n in \tt:v\ 2 of the nlateinent 
principles, on page 1. 



PER5PECTIW.S ANt> PLANS FOR GRADUATE STUBIES 



Reports in rrtnt (Septgftheir, 1974) .. 

Library Sc iertct»'. 1972 ' ■ . 

' Economic^' 
4» . (Geography. IP 7 3 
5.. Chemistry 1<?73 

■•■7; ■ Sociology 1973'' ' //' 

8. Atvthropology 1*>7A 

9. Political Science 1974 

10, Physical Education 1974 

11. Engineering 1974 

A. Chemlcdr Ehj^ineerin^: 

B. Electrical Engineering 

C. Metallurgical and Materials Engineering 

Repotts in Preparation (September, IW) 

11. Engineering 1974 

D. Mechanical Engineering 

E. Industrial Engineering 

F. Civil Engineering 

12. Religious Sttjdies 1974 

13. Planning and Environmental Studies 1074 

14. Physics and Astronomy 1974 

15. Historv 1974 

16. Biophysics 1974 

17. Ad.ninistration, Business and Management Science 1974 

Copies of reports in this series may be ordered from ; 

Council of Ontario Universities. 
130 St. George Street, 
Suite 8039, 

Toronto. Ontario M5S 2T4. 
Please make cheques payable to: 
C.O.U. Holdings Limited 



Price 

$5.00 
5.00 
S.OO 
5.00 
5.00 
5.00 
5.06 
3.00 
5.00' 
5.00 

5. on 

5.00 
5.00 



MKTALLPRcnCAl. AND WFFIM.S F vKU NKF.HlNt; 



T A B L K n F C N T F \ T S 



Ft>RHVORn 

RKPOKT AND RKC()^^>tEN DAT IONS OF THK COUNCIL OF ONTARIO 
L^UVF RSI TIES - Part T 

RKPORT OF ADVISORY COMMITTFK ON ACADKMTC PLANNTNC 



APPENDICES 

Appendix A: 

Appendix B: 
Appendix C: 
Appi»ndix D: 



Report of Metallurgical and Materials 
Engineering Consultants 

Discipline (Jroup Response 

Univi?rslty Comnients 

^'ron^dure of i^lanninR Sttidv nnd Tprms 
of Reference 



Appt^dix F: Discipline (Jroup Membership 

Appt^ndix K: Regies of ACAP and ol Discipline 
Crouppi 

Appendix Curricula Vitarntn of the Consultants 



A{;pendix H: 



Kespunse ot the Conmittef 
Deans oi Engineering 



ot otitar ic 



i 

1-9 
1-46 

Al-Aft7 

B1-R3 

Cl-C^A 

D1-D7 

F-l 
F1-F4 



^ix v^olumes. 



This report deals with a planning; study ot" doctoral work in 
enKHUt-r in^',, winch was conducted in several portions correspond i nj?, to 
tht> variiH.s disciplint^s vfthin c nj: i neer i ni: . 'n^e report is in 
Volume A ^leals with chemical engineering, B with electrical engineering, 
C with mecal lur^^ical and materials engineering, D with mechanical 
engineering, K with industrial t^ngineering, and F with civil engineering. 
Each voluTTie contains the COD and ACAP reports for engineering as a whole 
together with the consultants* report and other material appropriate 
to one of the disciplines. The COl! report will be in three parts: Fart 
dealing with the recommendations approved in dune 1974 and dealing with 
most ot the fields. Parts 11 an<l ITT to appear later dealing with 
mei hanic.il and Industrial engineering, and v;ith civil engineering 
respe( t ivelv. This volume, pritited in ihv summer ot 1^74, contains onlv 
rart T . 



FORK n K D 



As a cortstiqu£»nc^ of a study of engineering education in Ontario (described 
in more detail In the ?3ubsequent ACAP report) the Council of Ontario 
imiverslties called for a planning afisesBinent of PhD progratmnes in 
4?ttgineering to be carried out by ACAP in cooperation trlth CODE- 

The Advisorv Coirolttee on Academic Planning (ACAP)^ as presently 
constituted^ wa?; established hy the Ontario Council on Graduate Studies 
at the request of the Council of Ontario Universities in January^ 1^71. 
The Advisory Committee^s terms of reference were directed broadly toward . 
the effective plauning and rationalization of long-term graduate 
developinent in Oitario\s unlver??i tie*? bath at the level of individual 
disciplines and i:t a more general level* The Advisory Coimnlttee's 
activities are based on the premise that graduat*^ ^ork Is the one area 
of university activity in which specialisation a:* > unlvers ities» 
cooperative arrangements and comprehensive plannii'" ^re most necessary • 

The disciplinary planning process involves a discipline group 
composed of one representative from each untversit ^ with an interest in 
graduate work in the planning area* Tn the case of engineering, CODE 
was also involved in a uay described In the ACAP report* The discipline 
group assists in defining the precise acadetnlc boundaries of each study^ 
and prepares a commentary on the consultants* report. 

The final decision on consultants for the planning study is made 
by ACAr* The consultants are requested to make recommendations on 
proprammes to be offered in Ontario, desirable and/or likely enrolments,, 
the division of responsibility for programmes among universities » and the 
desirable extent of collaboration with related disciplines. 

While the consultants' report is the single largest element In the 
final report on the planning study> ACAP considers the statement of each 
university's forward plana to be most significant* These forward plans 
are asually outlined prior to the planning study, and are used as a basis 
for comments from the universities concerned on the consultants' report* 

On receipt of the consultants*^ report, and comments on It from the 
disicpline group and the universities, ACAP begins work on Its own recom- 
mendations for submission directly to the Council of rhitario Universities* 
COU considers the input from all sotirces, and prepares the position of the 
Ontario university community. 

The following report is one of a series of disciplinary p|.anning 
studies carried out by the Advisory Committee on Academic Planning and 
to he published by the Council of Ontario Universities • The emphasis 
of the rcpnrt nn fon-vard pi .inning ^ and ft Is hopi^d that the 
implementation of COU^s recnmmrndat inns will help to ensure the more 
ordered growth and development of graduate studies in Ontario's unlversitl 
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Report avui Recommendations 
concc^rnlag Itoctaral Studios 
in Enj^ ineering - i^art I 



On the iustructioa of the Council o^-Qntario Universities, the Advisory Comiaitteo 
on Academic i*lanning^ in cooperation with tho Committee of Ontario Deans of Engin- 
eoring^ has conductt^d a planning assessment for doctoral work in engineering* This 
arose from the tt4>t*d to rt5-examine the recommandations concerning i'hl) work vhich 
appt^ared in King of Iron . The background to the study, the procedures followed 
and the planning techniques used are described in the ACAr report and are not repeated.. 
i\oTv. The resultant report f rom ACAi' is attached together with the consultants' 
reports, the comments by the discipline groups, the coimaents of the individual 
universities, and the connaents of CODE. It is important for the reader to read the 
attachments in order to understand the recomi^endations in this Report from COU. COU 
will issue subsequent parts to this report dealing with mechanical,, industrial and 
civil engineering* 

The Council received the ACAi* report and supporting documentation on April 11, 1974# 
The content of the ACAi document was debated on April 11, on May 3, and on June 7, 
1974. As a result of these discussions this Report and Recotmnendations was prepared 
and approved by the Council on June 7, 1974* The report is addressed to the Ontario 
Council on University Affairs and the universities of Ontario, 

The following principles have been adopted and will apply to this and all other COU 
Reports arising out of assessmt^nts. 

1. iJiscipIine assessments by ACAP should form the basis for planning by 
the universities of their development of graduate studies, particularly 
/hU programmes ♦ On the basis of these assessments, COU should make its 
own recommendatioos on currently embargoed programmes. Each university 
must retain the freedom and responsibility to plan and Implement its 
own academic development. However, the universities in embarking on 

a cooperative planning process have signalled their Intentions of 
cooperating with the COU recommendations* 

2. Iniversities generally plan their emphases in graduate study on the 
bases of related departments, not of single departments. Initially 
the sequential nature of the discipline planning assessments makes 
this difficult* However, by the summer of 1974 tliore will have been 
assessments of mv>st of the serial sciences, all of the physical sciences, 
engineering doctoral work, and a number of professional areas. On the 
information and recommendations then available, each university should be 
able tu make decisions concerning its support of graduate programmes 

in these areas. Amendmeuls to university lesponses to the individual 
discipline planning assessments may then ho made in the wider context of 
a group of related disciplines and amendments to COU's original Reports 
on an individual discipline may be required. 



The flT^t c<>ncem 1ft pianning is to review J^fie quality of graduate 
opportunities and of studi^nta in Ontario universities and to make 
judgements about how to proc4f<ed or not proceed based on quality 
cons idtfrat ions ♦ Ttu? procedures have made use ot highly qualified 
independent cartel taut 5 who have no direct interest in the univ^rsitivj^ 
in Ontario. Accoratngly, COU feeU bound to accept their jMagennan^ 
iibuut quality whfcire they are stated clearly unless unconvinced. that 
their conclusions about quality are consistent with their evidence* 
cgu-s recommendations in the case of programmes which are of unsatis- 
factory or questipnablt? quality will call for dlscontimiation or the 
carrying out of an appraisal, i^ the fontinuation of the prograrmm? 
Isi nut crucial to the province's offerings. In some cases, however r 
there say ba a particular need for the prograatii^ and the appropriate 
rocommendation wiii be to strengthen it» with an appraisal following 
liiiat action. It is also possible that if there v^re found to be 
too large a number of broadly-4>aa$d programnies there could be a recom-- 
meaJation to disicontinue the weakest; in this case, an appraisal for 
a ^lore limited programme might be relevant* 

A second consideration is the scope of opportunities for graduate 
work in the discipline* . Do the Ontario programmes together offer 
a satisfactory coveragt^ of the main divisions of the discipline? 

Numbers of students to be planned for will depend on the likely 
number of applicants of high quality and in some cases may relate to an 
eiitiraate of society's needs* Such estimates inay be reasonably reliable 
in some cases and not in others. If the plans of the universities 
appear to be consistent vith the likely number of well-qualified 
applicants and there is either no satisfactory basis for estimatinR 
needs or there is no inconsistency between a reasonable estimate of 
need and the universities* plans, then COU will take note of the facts 
without making rc'commendations on the subject of numbers. 

If the numbers being planned for by the universities are grossly out 
of line with the anticipated total of well-qualified students^ or a 
reliable estimate of needs, COU will make appropriate corrective 
recommendations • Depending on the circumstances, these may call for 
a change in the total numbers to be planned for and indications o£ 
which institutions should increase, decrease » or discontinue. The 
recommendations in serious cases may need to specify departmental 
fiftures for each university for a time* If the numbers being planned 
lor arc insufficient, the recommendations may call for expansion, or 
new programmes, and may have implications Cor both operating and 
capital coKts. 

{ nless there are exceptional circumstances, the recommendations 
concerning enrolment will not call for a university to refuse 
admission to any well^qualif led student who wishes to work in a 
fiel<l in which that university offers a programme and in which it 
has tlie capacity to accommodate the student. 



6^ The ^juality of graduate progr^^ dependent on siae, and 

fisr each prograime, dcf^ending pn^^b^ 

Miere 15 a laininwm « 

Ihat number canxwt be eitpres^^^ - 
o^.ly f pr^in^^^ thetr purpose, their 

reiHouirc<H ■ flnd-';tfliei^^ design* ■ ■ /'^ ^ . \. r . ... ' . . ■ . " . ..: , 

?• Uaiversiticsi yiil b if they intend to depart 

f rom, the COU Heport in any >ray whjich they believe might have a signi^ 
f leant bearing on the provincial plan; 

8 . . AppraiMl> ar.i^ii^^ the re3ui^! of a^^se^sffieftts ay e : to te based on the- r 
standards but not hecessarily the scope of the acceptable prbgr^rioafes 

■ Ifi-tht^ province'*.' - . ... .. .. s. 

General DbserVat ions concerning engine doctoral wpfk 

1, Ontario ia unlikely to oyer'-produce engineering HU>*s in tbe next- five 
.years. However, the student body contains too Wrge a proportion of non- 
Canadlans. Qualified Canadians should be encouraged to seek the engineering 

ihD. - ... : . _ .. . . ,: 

2* Doctoral students should be selected on the basis of high acad^ic standing 
and research potential. 

3V ^'^lobreeding** is a .prpbleia» with Rsany students obtaining three degrees from 
one university. 

4. Faculty members^ whether or not engaged with doctoral students^ should have 
tlie facilities and opportunities to engage in research and in work with, 
industry* 

5* Tlie wscope for tnter-university and university^industry cooperation is 
coxTslder able and should be exploited* 

6, The quality and state of development of the Ontario doctoral prograusses are 
variable* Some are very good and have gained International recognition. 

7. Some univufHitius are organizing (or reorganizing) doctoral sti«ly on a 
division ot specialization other than that provided by the "traditional" 
<<agineering departments* In two of the smaller faculties thds is a central 
factor in the planninKt but increasing cross -departmental activity is also in 
t?vidence elsewhere • 

* « 

A ct ions by COl; ^ 

V. COV Ims abandoned a planning number of 450 doctoral students and advises 
the universities to plan on the asstttapt ion that the doctoral enrolment will 
remain roughly r<?nstant Cor Lht* next five years. Although there is a need 
tor engineers with doctorates in Ontario, graduate student enrolment will 
it^viit off due to a la^^k of top quality students^ Canadians must he attracted 
in incrt'a>iing nujpbers in order to laaintain enrolirent at the present level* 



2. tiOU rt'qt^iu^stJj that t:OD'E rt;pbf t annually Lis COtr on >nrdlment and einpl 
" opportutiitlfs. 

3. tioy rttqutj^ts ttuat ACAr arrange tpr t?ach engineering discipline group: 

facto j report on the quaVity of the adirtttted students iio At;Ai' for 
tranwiffission to COU^ ; 

to repurt awiualiy to ACAt' an the universities previously atte^nded by 
tile newly sStittiit ted sraduate students of each department. 

4. CpU; request H CODE, after consultation with the disc ip line groups., to develop 
pruposaly tor collective methods of making intornutit?n on graded te w 
all dntario univerHities readily available to the engineering students, aftd 

. tc» iaform ACAI' of the action taken- — 

5. cut- requests Ua;S to examino ej^isting university guidelines on part-time 
. .doctoral work and ita supervlision. 

it. LOM request that ACAi arrange for an annual report to UCGS from each university 
on the time taken for each graduating student to complete his doctoral studies* 

7. a)l' requefits ACAt' to examine the available doc uwen tat ion on civil- engineering, 
to reach its own judgements on the basiij for a report, after soliciting assist- 
ance from the discipline ^roup and the universities, and to prepare its report 

" to COi: containing recommendations for the future of civil engineering doctoral 
work. This should be submilted by Oecember 31, 1974. 

8. COV requests tliat ACAi' arrange for the raetallurgical and materials engineering 
■ discipline group to present a report to ACAr on university actions taken to 

correct Identified weakness In certain fields of study. 



fOKinR' ndat iuu s 
It is recommended that: 

I. I niversities, CODE and di icipline groups take steps to inform potential 

c;mdidates of the value oi a in many phases of government and industry, 
not only in rt:st:arch and development. The universities, individually and 
collectively, thrcmgh agencies such as COi>E, should discuss with tlje industrial 
.imi ^overtiment^ I enipli»vers sf.t-ps to he taken jointly in order to overcome the 
shortage of Canadian students. 

Ihf universities .ititiiupt to maintain the situation where Canaiilans ami landed 
iiiinigrants coui-Lituti- at least /O/l oi tiie doctoral enrolment in any prograiwue, 
at any one time, evu-n though the number of landed immigrants may decrease. 



3% Xh^ universlLit^^tg the provincial goverttnK*nt» aad gifantlng ageitcies examine 

the extent to which thi* limit to student Incomt* 4eter$ Caaadians from entering 
graihiate work* Mean?* HuppletncntinR the income* o£ professionally experienced 
- Htuiieiitt? Hhoulil be exaDitieU* 



4; All doiitiitai thesis examining cotnmitttieH have an examiner e:xterna I to the * 
university. 

At prvHvni^ there not b any specific engineering doctoral part-time programmes 
but rathc-r that jiart-tim* or non-reuldent doctoral work be done by individual 
arran^fc^mcnt . Hxperim^ntation in methods carrying Oin part -•titne work is to 
be en4:bu raged and mig4it lead in future to the creation of specific part-time 
^ l>rogramneH. it is also ri^comittended timt the research topic of any student 
vh'cept'i»d iin a part-time basis be in a field in which the professors in the 

department have expertise. 

■■■■■■ ^ ■ ■ 

i 'nivert;lt V Kecommendat ions 

Kngineering was Bplit into five separate assessments ^ one for each of the five 
traditivmal fields of engineerings Two universities^ Western Ontario and Windsor » 
do not admininter the iri doctoral engineering wotk along these lines but rather on 
an interdisciplinary ba^is^ that cuts horizontally across engineering* For this 
reason^ thuse two univcirsit ies are being dealt with separately and not as part of 
the more titandard approach evident in the five assessment reports*. Similarly^ 
GiK'lph alHo is included in this section* 

It 1** recoOTiK^nded that: 

6/ The University of Western thiLario continue its examination of its ThD 

programme in engineering science, and put forward the resulting prograiume for 
appraisal^ in particular delineating carefully the areas of research In which 
it feei>i it appropriate to accept students. %£ a favourable appraisal 
is not obtained by the end of October, 1976 > adnission of new students should 
then he i^uspendtnl^ 

ihe University of Windsor continue the reorganization of its doctoral work in 
engineering and submit all programmes for appraisal when the new system has 
been in operation sufficiently long to permit a valid appraisal* Enrolment 
of new students should cease after October, 1977, if a favourable appraisal 
iUiti not been obtained. 

8* The lnve{vement ul the School ol Kn«in&ering in the hydro iof^y doctoral progrrimme 
at ihi' iniversity oi i'.uelpfi continue and that the university >t?8in doctoral 
work lu agricultural t^nsinefc»r ing at a time in accordance witli the university's 
i^lan-i, r?ubie< I to normal appraisal procedures. 



\ : her) 1 c. a 1 n< 'j*r i nj^ 

Tiiiri iectiun J^mI?: with doctiiral w«>rk in thetnUul en)i;lneer ing at McMaster, Ottawa, 



It ijs rt^commended that: 

9. the departments consider grouping their research activities 

areas 2iO as to establish or reinforce teams, thus providing a more stimuiatitig 

..etwirunsumt - far- ^tode-ntfcj* 

VO* >lcMa«ter ^U^ its doctoral work in ch^ieal enjjineering accord- 

in^ to its plans?.,- 

11; |he Univeriiity of Uttawa continue it3 doct<>rai progrinnnie in chemicai ensinec^ring 
accerding ti^ ittj platts. 

12 * t|ueen*^ Univer:iity re-evaluate its doctoral prograimne in cheniical engineer ins 
in the light of comments inade by the consultants conceriiing research activity 
of the faculty, the grouping of researrh areas, the awareness of new trends 
in the discipline, and the mobility of its bachelor|s graduates, aqd submit 
the programme for appraisal at the time that the university considers appro- 
tiriate*. If a £a;vaurahle appraisal has iwt been rctceived by October, 1976^ 
enrolment of new students then be suspended* 

^}. The University of Toronto continue its doctoral programme in chemical engineer- 
ing according to its? plans, paying particular attention to the defJirable 
mobility of its bachelpr^s graduates for graduate work elsewhere and to the 
desirability of grouping of research areas-. The University of Toronto is 
requested to report to COU through ACAi' by Jui^e, 1975, on action taken in regard 
to this Recommendation* 

14. The University of Waterloo continue lib doctoral programme in chemical 
engint^erirife according tu its plans > 

Civil Engineering 

The iiiUisultants/ report la unfurtunately inadequate for planning puriuKseH. 
It is rt^eommended that: 

'j* *i lie embargo on the funding of any new programmes in civil engineering 
continue until COU has accepted a report from kCM' dealing adequately 
with the future roIt» of each department in respect to the different fields of 
dtu-toral research, paying particular attention to the relative strengths and 
weaknesses of each department and tht* change in iiaphasis on fields recommend- 
ed bv the consultants. The report should be submit tfc*d by ACAJ* by Dt'cembt-r 31, 



Elecir ical Engineer ing - ~ ■ ■ 

This section dt;als with doctoral work in electrical engineering; at CarUtun^ 
McMaster, Ottawa, QueenVs, Toronto and Waterloo* 

It is rccumntended thntS 

16. Th*.^ Ui.^ciplinti group annually identify those areas of electrical engineering 
which they consider relevant to the present and future needs of Canada and 
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. make their finding* available to th« granting agencies and varipu^i associatlona 

of Indubtry in order to stlTnulate a continuing dialogue rflth Industry. 

1?. Carle tan Unlverb-lty continue itp doctoral work In electrical englnverlng 
according to its plans. 

ia, McMaster Uni^ its doctoral work in electrical engineering 

according to itij plans. 

1^. rUi' .Univt-'rslty.i^f Ottawa plan the reorganization of its doctoral frograjamt? 

in eiectrlcal sfngineering and put forward the progr^ffiHae for appraisal. If 
- a favourable appraliiai has not been obtained by the end of the fall ttrin 1976, 
adntission of nt^v rntc*»nLs should ceaet* In the jneantime, enrolment of new 
■ stuaenti* «hould be restricted -to the digital conniiunicat ions systems and large- 
. . J^^^ale- systems flelda. 

20. (^uet-n ' H llftivtjrsity continue its prograime In electrical eneineering concentrating 
in the coBununicat ions and systems fields, with occasionally a student in cognate 
areas of electronics and energy processing. Any proposed substantial develop- 
njcnts in these latter two fields should be submitted for appraisal. It is also 
reccmrtonded that the department maintain enrolment at its present level, 

M The I'niversltv of Toronto continue its doctoral work In electrical engineering 
according to its plans. 

22. llie Lniversity of Waterloo continue its doctoral work in electrical ensineering 
according to its plans. 



Mt'tallur ^ical and Materials Enfiineering 

nii<! section deals with doctoral work in metallurgical and materials engineering 
at .IcMajittT, Queen's, Toronto and Waterloo. ^ 

It is recommended that: 

23. Iho univt-rsitieji takv «teps to increase the activity in the ceramics, j^LissvJi, 
and polsTiier fields of study in the province. 



24, 




McMastLT University continue its doctoral prograsioes in materials scienct 
ami o.xtracLive raeLallurgy, and make a report to COU through ACAi' in tht* fall 
<>i 1975 on the fol loving suggestions for improvement: ^ 



) 

a> ret-ruitment of students with phys. :s and chemistry backgrounds 
b> strengthening of the extractive metallurgy faculty 

c > callaboration with the Uniyersltv of Toronto 

23. gueen'.s University continue its doctoral work in physical metallurgy 

and discontinue- the doctoral programme in extractive metallurgy and mlniTal 
ertgineerin« as it now exist.^ and replace it by an enlarged prograionse involving 
professors troni ot tier departments. This new pro^raRiiiie sJiould be appraised 
and this should be completed by December 31, 1976. If Queen's does not wl:,h 
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to tMilarge i irrugramiae iiv «*Ktr4»ctive laetaliurgy and mineral 4?ngineerin};» 
^ tht> pCiL^ Stmt prog rainme should bt* put forward imaediately for appraisal^ 
. ct^aKiuR to enroi new students hv Juno 30, 4975^ if a favourable appraisal 
*. i<i not obtained* 

Jh* rh;i«^ ithivcrsity ot Toronto ccjntinvju it.s doctoral prograianjes in its Departltnent 
of Metaiiyrgy arid .>late rials Science* U is sugge«tt?d that Toronto consider 
broad<?ning the programme:^ and it ia requested that the universe Ity report to 
COV through ACAP by Septfraber, 1975 » on any progress made in this; direction. 

27. Xho University of Waterloo continue it^ doctoral work in extractive and pro- 
ceHH metallurgy and in isi^tallurgical engineering and materials science 
aA-cordin^ to it^s plans* 



Mininj^ Kngi nee ring - . . 

It is reconsmended that: 

■ <Hieen*H University continue its doct^ohal wcrk in accordance with its plans/ 

^ientMrjii 

It in reronmended that: 



29. In view of the acceptance of these recoBunendations by the Goaneil of 
Ontario Universities and the completion of Part I of this planning 
assessnient, the Ontario Council on University Affairs request the 
Minister to renwve the erabargo on doct< ral work in Engineering (except 
' fu*r Mechanical, industrial and. Civil Engineering at Carleton, Mc>taster, 
Ottawa^ Queen^s, Toronto and Waterloo) » in accordance with the original 
announcement of the Minister that new graduate progratimjes would be embargoed 
tnitf!, for each discipHnt', a planning study has been rondnrtrd. 

Xot t-s con iH- rnin^ ti l e ret;un ^ k^ndat i ons 

Ht conmiendat ion s 1 » 2^ iitul 3 

Thf backgroutul to thtsi^ import^-nt rt^cunuiuMTidat. ions aj>pearM on paj*t*s 1 'i and <>f 
the ACAP Renort, 

Re: R;.* .dnmiend a t i o n 7 

Presumably tht^ prograiimjus snbrnitled for appraisal will be the. three 
divisional progratiinies wliiiMj ar*- repiaring the departmental programmes. 

Othei? engineering discipline group:.; giay also find tUit^ a valuable i^ugK^'^i a*^^^ • 
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. This diflVfH from the rtHonjoKMiaatian la Uii2 ACAP Report because th^ University 
subsequently 4lecl4Jt?d to carry out a re-afist^HSiiatiftt of tUe future direction 

': . ■■'■-'•^■^-nf" the- di?part?nent - 

kvi ileconuae j idat ion 25 

t^W^'n's hai? reportiul to COU its inti*ntion to enlarge its programme in extractive 





.XDVISORY COMMITTEE 0^{ ACADEMIC PLANNING 
ONTARIO COUNC IL ON GRADUATE STUDIES 



REPORT TO THE COUNCIL OF ONTARIO UNIVERSITIES 

ON 

EN(;iNEEHlNO DOCTORAL PLANNING ASSESSMENTS 



JUNE 7, 1974 



ERIC 



\ 



TAHf.K OK CDNTKNTS 



, ■ ■ [ , , Page . • 

I RetHnjuTKmiiaiion^j ^ 

II aadkgrouriJ aiiJ Frocodure * 8 

III General Kocommendat Ions 13 

IV University Kecaniiaendations 20 . 

rnivtir>5ity of Western imtarib 20 
University of Wlndsur 22 
- CnlVi^rsity of Guelph 2 A 

V i'iR»udc-al Kngineerlug 25 

VI Civil taginoerinj*, 28 

VII Klectricat Kngini:»ering 36 

VIII Mechanical ijig inhering 3S 

IX Metallurgical and Mntt-rials Engineering 41 

X ; Mining Enginticrins 

XI InJustrial i:ngiuecrin« and Systtiray Design 45 

Far earh planning ansos^STnont (Chomlcal, Civile Electrical, Mechanical^ 
Metallurgical^ ami Industrial) there are appended: 

Appendix A - Consultants^ Report 

Appendix B - Dliiclpline Group Response t 

Appendix C - I'uiversity Comments 

Appendix — Procedure of Planning Study and Terms of Reference 

Appendix k - DlSi'lpline Cruup Membersliip 

.\ppi>ntliK F - Roles of ACAP and of Disripline Croups 

Appendix Vr CurruMjla Vltarum of tlic Consultants 

■ AppeUiifs II- Cnur; la^'Sponso . - 



General Recommettdatlons 



c± ■ ■ ^ • ' 

U. i« i^e^^^innienat'U t:hat jcxnr ah^^ quota of 450 dpctoral student . . - 

tingalment .itx 1974'^75» and plan pn roughly the present ettrolmeac for the 
nest five years, asauniing greater interest by Canadian students in 
engineering graduate •fork, if this interest: does not matetriaiize^ "the 
vnrolraent will undoubtetUy drop. In any case, it is recoiamended that 
CODE be asked to report annually to COU on enrolment and employment 
opportunities. 

C2_ ■ - ■ ■ ■- ■■ ■■ - ^ ■ ■ 

It is recommended that steps be taker to inform potential candidates of 
the value of a PhD in many phases of government and industry, not only In 
research and development. The universities, individually and collectively, 
through aget^c leg such as CODE, should discuss with the industrial and 
goverumcntal employers steps to be taken jointly in order to, overcome the 
shortage of Canadian students. • , — 

C3 ■ , ' , 

It is recommended that the universities nwiiitain the situation where 
Canadians and landed immigrants constitute, at least 70% of the doctoral 
enrolment in any programme, at any one time, even though the number of 
landed Immigrants may decrease. 

C4 

It is recommended that the universities * the provincial government, and 
granting agencies consider the remarks of the consultants and examine 
the extent to which the limit to student income deters Canadians from 
entering graduate work. Means of supplementing the income of professionally 
experienced students should be examinedi increased contacts between faculty 
and industry could lead to increased industrial support. 

Cj 

It is recommended that each Discipline Group monitor annually the admissions 
experience of each programme ( post "facto> and report on the quality of the 
admitted students to ACA? fur transmission to CtHI. 

U i.. -reounimcndcd that al 1 . doi-toral llifsiii oHaminiug commirteer- Khtmld 
have 'an examiner external to the university. 



■4:7 . , , ' 

U ivoammeudi^d tluU each i>isoipline Ciroup ;md CcHiK devciop prapas,ils 
un- makia^ inforntat iuxV uh ^uraduat*.* W^t*K c)ntarl€> universit ies 

■ f t'juii.ly avaiiahlr to tlur inisinei^Tin^i Htudents\| in sonic colluetivu way 
.int! infonn AilAr t^t tlu- actiuu taktni* . luicli nTi^c^liniv ilruup :i:iluni id report 
annual iy oa tiu* university lant attuadud by the graduatii students in 
each department* 

I 

■■■■ ■■ ■■■ ■ ■ ■ ■■■■■ ■■ " ■ ' ■, • ■ • • ■ \ ■ •■ 

i;l -it; rvrc omiticndtni. that at ihe jireHeht aay part-time ot nu«^r«.^sident ' 
d^>/t.ora[ wurk shauld bcf by ind ividual arrangement and that t»xperir,ie.ttta ti^m 
ill tfus-tvpi' ot programme be encv>uraj:?ed. It is also reeojnmended that 
tiu- rt'se.arch topic of tht? ^Jtudant accepted on a part-time basis be In a 
Hi^td ii! wkleh th<j prutenHorf? in thi^ department have eKpertise, it 
rei-o]nmi'fuit.'d . that lUXlS examine. ..ex iHt ing . university guidelines .in this area, 

t V 

It is rect>:nnH?ndcd Li^at the universities report to ACAl^ (for UC<iS) «^*ach 
ViMT i^n thii tirai,- taken by each graduating student to complete his 
dortvi^ral studies. 

hn i ve r s i t V Kee unimcnda t i ons 



CijJ ... 

It IS reoommemfed tiiat llu* University of Ke^tern tHitarlo euntinue its 
"•xamination of iti^ l^hJ pru^ramr.e in en^^incering science, and put forwar^i 
tlic rt»stilting pregratnme for appraisiai, in particular delineating 
t-aretuliv the* art\is of researrii in whlvh feels it appropriate to 
nc^'opt stadeiUf^. In i^i^o a favourable appraisal is not obtained bv . 
'^•l»>{>er, ly7b* adralt^siua o{ new students sli,juld then be suspt^ndt-d. 

Cll 

Ir Is rei.uiimiendtid tijat tlie rnivursity of VJindKor continue the reerganii^ation 
jf itri vlorrornl vork in en^ineerinf; and submit all prugranunes tpresuiiiablv 

liw'St will tlu' tl^ree divisional programmes which are repiaelng the 
iopartmcntai ]>ro^»r;umnc*s) , for appraisal when the new systeni has been in 

i;}K:rat sufi ieieuily Ictng In perait a valiti appraisal* Kur^.^Iment o{ 

luw Mtuderjts should rtMs** after tn-tuher, 1977, if a favt>urable appraisal 

ii.t^-i aoL t}t.au oi>Laintul hv thai ^iate. 

it is rt*rt^r:iTTTt*nii^H} tliat the i nvo 1 veiiK-ut of the ScIjouI ol Hngiaeerin?'; in 
thV' hvdrolt^i^y doctoral prui^ratnine at the Uni versity of (aielph continue and 
tiiat tiie Iniversity be^Tin doctoral work in agricultural engintjcrln^ at a 
.t i:i.,.t'..i.n . ic» .-^rdaMr vit It 'lln' I nl.versity phnis^ sub^jet:t Ltx normal nippraisal. 
procedures* 
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CO ; , , . .• ' ;,. ■ . . . ,, ^ , ; 

it iy rtii-onimtiiulfcid that the aepirtraentiS take note of the consaitunts* 
rccommtjndation 10, tci. Kroap research act Ivi ties in well--4e^ihed ar^eas 
!40 as to eritabllsh or reinforce teams, thus providing a more stimulating 
t»nviroimien£ for tJtuUents. 

• ■■. • . ■' :, • , /: ' „* , ,. .'. " , . . ■'" . 

It U rvcommondud that HqMaster Uaiv<^rsity continue its doctoral work 
in ciiumical enginvering a«icording to its plans. 

It is recommended that th^ University of Ottava contloUe Its doctoral 
programiDe in chemical engineering according to its plana« 



It Is rocommended that Que en* s University reevaltiate its doctoral 
pro^^ramme in chemical engineering in the light of comments made by the 
coni^ultants t.oncerning research activity of the faculty, the grouping 
of research areas » the awareness of new trends in the discipline^ and 
the mobility of its- bachelor's graduates, and submit the progrannne for 
appraisal at the time that the University considers appropriate. If a 
favour able appraisal has not been received by October 1976, enrolnnint of 
new students should be suspended, at that date. 

LU ... 

It is recumjuended that the University of Toronto continue its doctoral 
programme In chemical engineering according to its plans, paying particular 
attention to Recotnmendation C7 regarding inobility of its graduates and to 
kecommenJation C13 concerning grouping of research areas. It is recommended 
that the University of Topcato report to COU through ACAP by June, 1973, 
uu action taken in regard lo this Rcconflnendation. , 

U is recommended that tite 'Un iversity of Waterloo continue its doctoral 
programme in chemical engineering according to its plans. 

Civil Mngineering 

f :l9 

r«-ft.'oinKiendo;l that t!TTt*~Vecon!:TUMiiti the cu 'tinuance of the tmbargu <ni Mm- 
funding of any new prograinmcs in civil engi »eering until COU has accepted 



4 :U.si-Jpniu\ Unniji r< port di al Sn»^. aslequatolv with the futuru rult* of 
tvit^h dop;irttiiinit in\r^^^^^ Lh«-> Ulffyrvnt fields of doctoral research^ 
paying part K'ul;vr at the relative sft^ngth^ anil neaknesi^ies of . 
4,Nioh department and the change in einphaHis t^n fields recominended by the 
couiiulLanis. iiui rcpari shuuld . he .submit.teil to ACAP by December 31 1 
, !97-V/ . . 

i.l yctr i cal K rigiheerln^ .,, ... 

<^2p ,'■ ■ ■ .„" ■; ■', • .' ' ' ' . ' . ■ ' ■• ■ ' ■„, ' ■ .; " 

It in reu:»>mnu-nded . that the Disoipliae Croup annually icli^nt if 7 those 
areas of eiectrical uagiaeering wnich they consider relevant to the 
prest^tit ami futur^i n^^edw u£ Canada and make their findlfigs available 
t.> tlu> )4rantin>^ agencies and various associations of industry in order 
ta si it!iulate a "centiuuing dlaloj^ue' vvitii industry. 

It is reeemiendt^'d that liar le t on Un i ver i ty continue its doctoral wurk 
ill cNn^trical engineering according to its plans* 

U ii> rL-cenunended that McM;i ster rnivers ity continue its doctoral work in 
electrical cnginceriug accord Lnj; to it a plans, 

i'li : 

It is rccommendtfd that the Llniver sity of ^l^ttawa continue to offer a 
ductural pro)i4ramnte in electrical engineering restricted to theses in 
digital communication systenis and large-scale systems, Ttiis limited 
jin^j^raiiiiiie is La be appraised as st^on as possible. Enrolment of new student 
si)ould cease as of ;>ecej!ber ^ 1975 if a favourable appraisal has not been 
vibtaiHi^i* 

■ _ ; ■ • ; ■ ; /. [ . "J 

ll is ncommtutJed tluit Queen Lni var sity continue its programme in electrical 
etijttiaeerin^; concentrating in the communications and systems i Leids, with 
.liSMs iona I Iv a studc-nt in cugnaLe areas of elt-ctronics and energy processing. 
■\uv pri'^poHed substantia i iievelopment s in these latter two fields would he 
siilM^>tt ti^i for appraisal. It is also recommended that the department ro;iintafn 
tnri>l4nttnt at its present level. 

It is r<n^iiujmended that Lhe Unive rsity of roronto continue i tr-:; doc Lora I work 
in ^^Irrtrical (mv/, i nee rf nr. accord (n^X to Its plans.. - 



It is rt>ci<injmenacMd cUat thie Uttivtiriiltv of V^^firioQ - continue its iioctonral 
wtirfe in eWtrical engineering according to ita plans, r 

■ -/vi/'V' — . . Mechanical Kngin^erihg ■ ■■ ■ . - _': ; 7; 1 ' -. y: : : - 

It- is cecoTnmettded that C arieton « McMajjttir and Queen* fi Universitie s continue 
tUvilr. doctarai ,p duifing the A-^oraing 

yvar ' v*i carchil ooaHlderatlpn ttj the feasibility of a stronger development 
of fuoi u^-^s^erest ^ ^^i^ tiie special areas of stfeUgths suggested by the - 
copsultanb^*^^^ lialvetsit ies ate reqtiested to t-eport to COU and QtXiS ^ 
trin>ifglr ACAfv?^ during. tbfe: K^^^^ 

. . ^. 

1 1 ii^ recbmnsended^ that , i f the . Unive r s i ty of Ot t^wa wi shes to react ivate 
a ^dactoral programme in. mechanicsil engineecing» it give careful consiilerat ion 
to .al lowing ^ome fi^t her maturing of the departinent before applying for 
appraisal. \ ' 

. :c29 . . - . • 

It is recommended that the r nivers it y of Toro nto continue its doctoral 
■programmer, in ,mH-hanit:al enj^ineering in its Department of Meclianical 

Kngineering and thu Pepartrafcmt of Aerospace Studies and Engineering. 

ACAF SitRftests that-Lhe Iniversity consider the consultants* recommendation 
uf a greater cont^entmtion of research activities of the Department of 

Mechanical Kngineerlng on major problems of national concern. It Is 

recotnaended tiiat the l-niversity inform COU and OCCS through ACAP, during 

the Fall of 1975, of any decisions taken- 

f .. ..... 

It: if* recommended that tiie I'niversity of Waterloo continue its doctoral 
programme in nechanical e^ngineering. ACAP suggests that the irniversity 
consider thti consultants' reconsaendation ot a greater concentration of 
research activities on major problems of national concern. It is 
riHoninie ndcd that the l^niverHity Inform COU and OCGS through. ACAP, during 
tiu' Will of ly/'), of anv decisions taken. 

'dni^l^ii^frA'^^^ '^ "^ Mater lal?4 fagincering 

' c y; ■■, ■■ , ■ ■ ,■- : ■■ , ■• - ■ 

It i-A rectjnmundotl that tht universities take note of the consultantsi* 
rt'contwcndat i<nm I, 2 , .)h and ii', dt:al Ing with the weakness in certain 
fitlis ,.f ^t'5.i-,' ill t 'vish f. it.i Luil ihe i»i>:cipline <.r(»U)> rcpnt t 
to .\i-AV ''rt anv ucLimi taJu n in ' on.Mt'qiumcf of these recommendat i«mti . 
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I t "^Vv^ico^ ihat >lcMa UaiVi^rsity continue its doctoral - v ■ 

prograntnit'i; in mciti^rials S4*'ien*. e ar.d^ t^^^^ and noting 

thi» j^trensth at t rl bated ^^^t^^ programmes by the consul tan tis?Y inakij 

a Ti'pprt in; the i^^^ fdUowirig suggestions for 

a. recruitiiient af students wittv physics ^and chonifetry t?ackgrounda 

b. .. ^trtmgtheiiin^ ar ths^ ex^rai:tive^.m^ . . .. . ^ . 
<-v riiij^bpratit^n with TDronto;. ■ - 



It la rucommendL'd that ^ueea'S University eujit iaue its dc^ctoral work 
iirphyHical metailurgy- and discontinue r 
extract tve metallurgy and s^ineral engineer it now exists axid replace 

It an iinlarged pro&rauOTe involving professors in other departioeats as 
suggot^ted In t^ie consultants* report, this new programs^ should te 
appraised and this should bt- completed by Decet^er 31i^ 1976. If Queen's v; 
J.-A -^ not wish to enlarge its progranime in extractive metallurgy and mineral 
t ngim^eriH};^ tht^ present programe should be put forward immediately for 
apprnis,il , 4 ^as^ing to enrol new students by June 30^ 1975, If a favourable 
i;^l>r.ilsal is not oht^int»d. 

It is recoimended that the University of to ronto continue its doctoral 
prQgranimGs {n its Department of Metallurgy and Materials Science. It is 
^uft^*t*??ted that Toronto give careful consideration to the consultants* 
rt^i <n*irncndat ions conc^rnlivg broadening the prografimies and it is reconunended 
tiMt the Universilty report to COU through ACAP by September, 1975,, on any 
ntrt^s,^ made in this direction. , 



If is Tcnonm^efidtni that the Univ ersity of Waterloo continue its engineering 
vi. ^ t ^r il work in extract ive atui process mutallusgy and tn metallurgical 
u i/intcrin^ and mtrrials Bcienru according to its plans* 

Minlnfe Lngincerinfe ' 

It is rcct^mmended that icen * s ~ Un 1 ve r a i t y continue itn doctoral vork In 
njinLiu; engint^ering in ae^r.ordance with its plans. 
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it is r^oV)iimienaoa L'uiverBity of Toronto cdhtinue its. doctoral 
work ittimman far tors eng Inhering, management Infortnatlort systtims and" 
tijU'rations ■rvisuarch'V, ,. 



cm 



•U, Ik r.t.\cimmtjaac4 LUat tiu^l•niveriiiLy of Watu.rl^ continue itn doctoral 
p to gritttitHf in systems dusif,n. 



11 . BACKGROUND AND PROeEDUHE 



In June, 1^6^ of presidents of the Universities cf 

pnc^riuV after a m^^ on 
Univ4frsitv Af f airsv dec id^ campreheftsiye review of engin^t?rliig 

t^ucatioff in Oatarlij sho be Uhdertikah^ Th^ Ckiinaittee of Ontario 
Deans; of . Ea;^ineering (CODE)^ w^^ up piaiis far such , 

a dtuii;^v ai^d this proposal was approved by Che Committee of Presidents 
on November 15, 196fi. The objective was to create a palter plan which 
could be used as a guid^ foi;' rational growth of engineering education 
dlur ing thfe 1970^ Such a pi^n v sho 

hi g^^^^t; ^t tiling Q,C resources^ ppportunity 

for innovatiprt^ and maxlimm freedom of ctoice for^^ s^^ 

This study culminated in the report Ring of Iron prepared by a coiamispion 
chaired by Philip. Lapp. 

TPhe repa^ t rmetvM by the Committee of Presidents in January ^ 4971 • ' 
A process of rev lew of the report's recotmnendat ions was established, 
CODE prepared a brief based on sta^ submitted by 
each lihiversity concerned and by each Faculty of Engineering* Briefs 
were prepared also by the'Ontario Couhc 11 on Graduate StudieB (OCGS) 
and the Association of Professional Engitieers of Ontario* On 
October 5» 1971* the Gouneil of Ontario Unlvereitles (COU) considered 
Rtn^ of Iron and the brteFs and prepared a statement of recommendations 
to the universities and to CUA- - . 

coir accepted a number of the i*:ipp recommendations without cliange, others 
with amendments and rejected some^ Broadly speakingt the recottmiendations 
to do with undergraduate matters were accepted or nwdified slightly. 
The graduate area of the report was more controversial « but here also 
some recammendat ions were accepted. The fiiost significant of the 
rccotmnendatioas concernlag graduate jitady, as appr<9ved by COU, are: 

**The criteria of acceptability ot graduate degrees in <ingineering 
jihould be recast in ordt^r that a thesis based on deslf^n or 
nyiitemfij synthesis may be suitably assessed. This could involve 
the establiaJiment of a new degree at the doctorate leveK*' 

**both unlvtfrj^ities and industrlt-s ;ihoaid rocogni;£e Joint appoint- 
itients as part of th*> rarc*er Ktrurtufe of ths^^ir senior staff; 
theise appuintments should be increased as far as possible. 
By thiii we understand a system of part-tii^ appointments • " 

**Ovcr the next twa yiiiar.s tiic est io^ited graduate enrolment of 
2,000 full -time equlvaU^nt students for 1970-71 be reduced 
by 17%^ after whiith vj^aduate cnrij^lment stiouid be limited to 
a number equal tp the prevlaus ye^r^s bachelor graduations. 
The enroimeht fliture applies to the enginet^rins departments 
js identlfed in Ring ot Iron**- 
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**The r^coi«aeiuiat ion that tba number of PhD studentfi( enroll i?d 
be reduced to 450 per year is fuUy supported 
including COU* Houex^ar ^ <^U»V along wi 

recommends that the figure A 50 be the target for 19 74-- 75, - 
rather than for 1973-74, for reaspoa yelated to avoiding ; 
; large fluctuation^ in 

■: J c-rititiue'^"- • : \ . ; . ■ . ^' : . 

^*The Lapp report recomtftend a spec 
. for each of the-^uhiv^rsities inciuding discontinuance of the 
PhD enrolment in cj$rt^ COU feels that the 

reasons for th^ numbers clwsen or for the elijain^ 
Certain doctorate p^ the 
l^pp rfpbrty COU alsp-agrees with 
attention must be given to tlie aumbet| of doctorate 
enrollee^ by diacipilne as^^y^^ 

these rjeasons ^OU Tepomm^ that for the year 1972-?! 
doctor4te enrolment be reduced in each uni^/etsity below ^ 
the projected figure for 1971-72 by a pro rata percentage n 
• in order prdyide 612 doctoral candldate^^ 

required to achieve the target of 450 in 1974-7 5) * fre^ 
liminary acceptance of the OCGS method for reducing PhD ' 
cinroiment (by llmttinf new PhD enrolments to achieve^^ a 
total system number of 450 by 1974-75) is based on plans for 
discipline planning assessments respecting PhD programs to 
be initiated immediately and completed as rapidly as 
poKsible^ Such assessments will be carried out by ACAP 
in cooperation with CODE; they are to incorporate capability, 
demand and quality correlates ♦ and are to be used to provide 
specific recommendations on changes for the total PhD 
enrolment » and for thf» division of the enrolment aoK^ngct 
universities and amongst disciplines* The assessments are 
to incorporate a review of the effects -of the pro rata 
reductions in 1972-73, and to recommend a mechanism for 
continuing review of PhD enrolments/* 

On receipt of this instruction from COU^ ACAP and CODE t-stabl ished a 
liasion committee (Ayers^ Dillon, Ham, Johnson, SbcmiU* ^^<•I^to«ht Preston 
which drafted procedures for r he assessments* It may bt? noted that 
the committee considered a model in which the asstissments were based,, 
not on che five traditional defVirtments found In engineering faculties^ 
but rather on iaterdcpartna?ntal areas ot research; the practical 
difficulties of conducting the .issc-ssmcnt s lud the commitct-c to 
rticommcnd the fiv«i-fold subdivision actual iy used. 

Thf proLedutf dcvtduped in thi.<^ way was approv^-d by ACAP on March 17 ^ 197 
and by COU t>a April 7* Tlw pr^^cedure (except for minor data aim-ndments) 
Is that in Appendix D to this report. In writing to indicate its 



approval CODE expressed their under dt and lag that tw objectives \^uld 

taett . V •• ■■■';..■."„';.■■ ■•,■■■ '.".'.^^ 

To provide a rational baala for doctoral ^^^w^ engineering 
aca for coaf irming or TOdifylng the limitation ^n enrolinent 
auggestad'by iapp« • 

To conduct a redlly effective assasaateht of the of: : 

pur current doctoral prbgrasmes." ^* 

CODE went on CP eia^has.lEe the need of adequate reaourcea to obtain the 
best ' consultants.* ".'...^^ ' 

in ordtir ta b^gln the planning asseaes^ the AC^/caM>E liafjipn ^ 
coiapiltttje called a meeting of laei^^ of the five Discipline Groups 
(Checiicai i Ciyil^ ^lectrl6^^^^ Mechanical / and KetaUur^iqal^^^^^^^^ 
Thi^i iiu?etln&^^^^ a good deal of faculty : 

resistance to the conduct pf the planning assesOTeats ajui unj^diSiness 
about aoo^ perceptipciS: of soiae aspacta of the, approved procedures* 
This reaulted ih a delay In iroua assesameat, CODE sug;geatcd 

a Coordinating Task Force, consisting of two members of C(H}E, the 
chairtsan of each Discipline Croup/ and a iseoiber of ACAP could rev liew 
the procedures * ACAP advised COtf to agree to this request and the 
eou executive did so on June 9^ 1972* This Task Force held meetings 
on June 29, July 27, September 1, September 25, Soveftber 29» 1972 and 
March 19, 1973. It suggested two slight additions to the procedures 
as approved earlier by COU. These were approved by €PU on September 25, 1972. 
- the Task Force also produced a document clarifying sonte aspects of the 
procedure in detail, and ^ statement of ^me educational philosophies 
concerning doctoral study^ These documents are referred to in the 
terms of reference of the consultants* The Task Force also advised 
ACAP (and ^ did urtiveri«itles) on how to take into account for planning 
purposes those doctoral programn^s in Faculties of Engineering which 
did not fail obviously into the fields covered by one of the five 
consulting teatns. It was eventually decided that: 



a) both the metallurgy and the mechanical engineer ini^ consultants 
would be asked to considef the metalltirgieal work within the 
Departm^ent of Mechanical Engineering at Waterloo 

b) no advice t rom i^xternal consultants would be sought on the doctoral 
programmi; in mining engineering at Queen's 

c) a small--scale "planning assessment" involving two consultants would 
be carried out in industrial engineering and systems design 

d) in view of the fact that all current dpc4;oral students at Ckielph are 
in hydrology and that the field of agricultural engineering is also 
proposed, the civil engineering consultants wuLd be asked to consider 
the Guelph doctoral work, with the understanding that if they so wished 
ACAP would facilitate a consultation for them with someone in a 
diiparttnuni uf agricultural engineering 
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the mi?chanicai eng^^ c^iV^ultahts be asked to cbnsiJcr llm 

aoctprii vrpr^ the University of Tprpntp l^^^ Acrospficc 
Stiidies and in a%frv>n.iuti^ eugim^^rlitg at Carleton, vith tht?' 
r<?quest :that they consult also vltli another af the ACAP i;oTii&al tiint 
(op the Electrical ^^^k^ team) who had expert ist2 In some <>t 

the rtlAS work oiitsxav n^echanicai enf^l^ and al^^o with an 

a4victf on the futuru pi^ii^ lhi=^ i^i^yattneixVM^ Sri cn.-o- 

♦It. Water loo would bt- -sought from the eon^pultants the .pianiiixi^ 
asscssfnent AdTninistratioti^ BuHlness and Managt^rnent Science^ 
with a, comment also provided by thki consultantii on Industri.ii 



no spec ial arrangements ware np.eded .In. connection with Ivioriudical 
englneeriug at Toronto simiii the ;eprrespoading institute huii nc» 
m"^iiuate prdgramie of its and the inture doctoral plans arv 

covered In tiie statements from eacJi ox tht?, associatt?U dupartiu-n^ 



,, Itci:i •V -will be de^lt:/wttii:: ,in ;-a latt>r.:rop,^rt .:^;n rujuMntJoT "arc-- , ./ 
■cvn^urfeiJ ill this riiport- Ihe ^i^^cliatacal ling^im-e^ Iu>5. conMul lants iaiv)r;:ivi 
ACAr tiiat they did not require* the asslstanot» Hu^iP,ustc'd in ite:r. 1/ 

In iVtober, 1972^ CODE proposed t]i4it a study K» carrir*d oui , imdi-r tin: 
at>gis of thi' nowly established Canadian fclnjiinueriag Manpowe r uoun. i l, 
an*J with financial support fntm a number of agenri^iSf in urdt:r to naNv 
reconuftcndationi* about '^supply and demamr for ehgineerin^; dPctoraLt 
Ihiii would t^e expecttiJ to be ol great va iut*. tn the planning/ assessi^ieats* 
AOAP agrt*ed to thii^ Huggcstton> provided funds towards tht- /o:its, .in^i 
incorporntiid reference to the study into the iat^truciions for tiic 
consultants, in the events the .study proved rath*-r ? ii,ai>p . ini iii^; it 
is discu.^sed 1 iter in ttiis report, 

\9 a ret^uit of suggest iont^ f rom the Uisrfpl ine i^roups and rc^ eiv^Iu;^ 

V ViOnts from the Coordinating Task Force and from ACni' agrci.u 

van55ultant:s at Its meetings of September October 13 and !)eciM>er In, 

The cnnfiul tants who finally acted were: 



i>eau i\ Hrcuier of riuvofbitr UiV.il , 
iii.\'m 1^'. K- >tirshall of tlnL' rniwrniiv r 
Professor L- Yaffi- of McCill Ini Vur^ity 



W i ill 



nice t r ici] i'f\*'<*r !r . 



^rofl*^)^»ur W. W , K.'hc-Jl c tU«.*r ot V.i;iJ*:r:^ i It /ni 
>1r- V* Martin of Alau :U Vatirheu?:. an r 
A*^sociatr;s Ltd* ♦ Professnr (J. Mt'vtfrla^f of 

4jf iiydro-cjuebec . 



Pri>fus?>ur A. Mt>4»re *vf tht- rnivc^rr.Uv ^1 iSr 
C'- \ - n^hXA^ Vroii' ^lum" ! ■ . J.. V ti . \'a i ).» li'-*'- r>, ■ ^ 
PrincettMi i'uiver^lt y, I>r, M. P. liar hvnsk i n\ 
KCA Kt/siMrcli Lahi^rator irs 



Mechanical Ens^liteferlngr Professor H*W. EmBoafii of ibmfd lJniver»lty, 

0t?an C* Ford of the Un 
Dt v K« J^ -" Hi^cocks the Ndti^fml^^^^^ 
Council of CAv^d$^^^ f^^ of 

/.v.. ■ '■^:'^.■^:^M^^^^^ . 

Met allvr g ic al Engineer jnfe : l^rofesapr J.J> Jou^^ 

Frofeai?dr T.B, King of the Massa^^^ 
, ■ Institute of techm>logy# Praf 

of Northwestern UnlverAitx and MvI^T* ^ 

. -^^ - - -v :: - Dr^ W.3v^^^^^ of Atomic Energy of Canada Ltd, ^ 

Brief ontricula vl^ C. - In each case, the last named 

per 30ft played the role of a setnior Canadian from outside the discipline • 

The consultants held their flirst meet in^^ arid 
May ^ 1973 and in each case met with the Group * 

arranged the schedule Of visit s> discussed their character and had 
generai discussio with the Disc i4>line Group ai^ task before them . 

The visits teak place iii the tWQ or thre^ months following these meetings. 

The consultant teams each submitted a draft report in September ♦ vhich was 
the subjeer of oral discussion with the Discipline Group at a meeting within 
a few days c^f the receipt of the draft. Each consultant teaift then snb- 
micted its report* These reports were sent for comments to the untversitles, 
to the Disciprline Groups and CODE^ each of which sent comments to ACAP 
at various dates in Itovember^t December and January. 

A subcommitlee of ACAP began consideration of the report to COU, before all 
the cotmnents were in l»and and continued its t^crk through March, 1974, report Inij 
regularly to ACAP and receiving instructions- Early in its meetings the 
i^onsnittee Identified som$ points on which further information and reactions 
were required. In particul^.r, the need for fuller advice from the consultants, 
was telt in the cases of civil and mechanical engineering* Such further 
advice was sought^ with results discussed in the relevant sections of this 
report. ACAP also thought some further information would be helpful in 
connection with three of the universities and arranged meetings with officials 
of th4»j;f» universities and members of ACAP* 

T|u<; report Is ba^ed on the consul tanls* reports^ tfie data collected for the 
study, tlie universities* comments and supplementary material from som^ of 
them^ the Discipline Groups* responses^ and the other doCiimentat ion referred 
to in Che procedures and terms of reference. The report sets out recommeiuiat ii>: 
fur COM on doctoral work in engineering in Ontario for the next fe'W years. 

is required, ACAP presents this report directly to COU* It has also been 
trutsmlttM for information to OCGS^.CODE, and the Discipline Groyps- 



III.: Gf -NlyKAL KHCO^g^ lEXnATlONS ■ • 

This' Hvot ion .af the ACAi'> rtjport- containsv rrcHioirantfndation . . • . . 

af ,Kt-»t'i"'il coiicorn t o aI\ of eh^^inev't in^',. Stmi of t hes«? recoiiaT?onU:jt ions 

ii.ivo hcon went luiii-vJ cansiiitontiy iii all t\xiv tepyrts jwtiile, other y, -. 
j lxh.n;^!! C.v-^iVvi' in only ono ropnrt / at^- app I u^ilvU:\ t o all vkn 

i:nro l;nv; uL .>iml .M. mpcw t?r Ft)recas t ' : , . 

in tlu' sutmn»-r of 197 3, t fit- CjnaJ Ian Kiiginecring Manpowet , Council ;. 
rf lt^.i.seii'- i t report ont itUnj and DemanU for Erigi^etjClog i)<.)c torates_ 

ill. *'.u.j.t>l.C, . ruts rvvport. yas parUy ^^f hy Ar;\J? nnd. was give^^^ .to all' 

tlu: V^M-,.VtlU"ant, tca^.s prior tp . their writing; .of their r«ports.' "It 
>xoa«^r-il{y statiis tiuU the sujipiy yf cnjiinetirs in the nuxt five yearK will 
cxc t-t--ii ••t.iit' "dt,''niand ' ■ ■■■■■ ;'■ ■■■ - . ..-^ . - ^ ■ ' 

uf rItv iCDxnnicat.i jnaJe by tiu: t^nKm^^riAS .consultant^, concern iu§ 

■ -{Vr \ '.v ; inn;; 'Mixd'c in thi* CV:AC r^\yjri . Tliuy bi?l ifve ti)«rrtv iur.s bvH-n iv^ 
(.vi-rv^roduct ion I'hi)^ to daiy and, In tact , there aj?^ears to 

HlHU't:ii;i» of metallurgical PlijXV. ilacu .Leai:i ..^cl iev^s. that th^ nu^oU. tor 

trn^iiKers will nut acclims it^t pn.:d ic.trti ,by i:Ki^U; .but that the uvuratl 
acr.uiml will t'ontiaue and in actual fact, ail but the civil ungiiui-er ia^ 
r.'si^^"*! ^ant > hcHcVi' if will in.u^ea^^*^ 

;V.:A1' ha.! v>r I V ii>t t^ndei Lo .{nih 1 h^ii a .-ritiquc i>r . t he . CIvU: rei>ort . 

ilowc-vvr, LODK in ita r^^psonse to the en.uneerinr. repoftH, Appondix il» 

'h.i.> invUnlfd a statement on this report covuring all th*' point s: ACAP 
wi.^iu'd to make, ACM'' ^ vritique wil l nnt be ri^produced, but we feel ^ 
i:.ai the C\\>IC reputt Ir not an ddequale basis for manpower planning In . 
^.:iV4itieerin^> Since all the runyaUanLs agroe that supply will not exceed 

;dentuul hut periiaps rather ine rever.se, the qiieiiLiiUi uf supply of qualified 
siitdi':Uv> n^ust i>e studied, lue main problem will be attracting Canadians 
tni^^ eriuim^erin,\ graduate work. In 1972-73, of the 518 K.T* engineering • 
rh;ij;, ::8.»n: '.vre Can.idiaa^ were landtui iniini^rants and the reniainin^ 

IS.l wi^rt ^>n -;tMdenL 

hau^:^' ii: the innii v-rat Ion re I'.ulat h>!Ks make it liarder to become a landed 
irtml^raat* Since aut* ran no Uniut^r apply f<>i^ landed Immigrant r>talus 
icSi ^.i O taada^ iln'^'^ti that cone on student vfsas wf H presiimably return 
tit Lheir ho::;e] nuis, C\>upleil with riiin ifi anotht^r now rer.ulaiion that 
u toaihln.! .i^fSi:.Lantslr;p is n.i l'.nii;er claj^r^ltied as a thuH luaking 

it tiarder to obtain i.tnde<i iijii;\i;;',rant status* ilonsequi^nt ly, XiLAV 
t iMt the p.^r^. nt i.-e vM' landed, ii.rui :-^rant In graduate u'(ir>. 
.uM;- ;r.M' wi:iie. the etr 1 r«lt>de!ils vis»^- vUl inoreaM> Finat'iaai 

N!irp-rt f'Vr pcopli* on stairMit vi:^V{>> is ^* ^rre, There are- very ttiW 
. .Kir--.;;il?h« .>i hur^^ar le^-i o[u a t^i^ theu hut in rMv.\in<Ha mr, thtry mav be 



supported from contract fund s^v In any case, there will be funds for 
only a fcwv Although Canada ha.s a role to play in providing advanced 
t^idmicai 4jducation far the" underpr iviledged , CQuntries dl the world , 
this siipuld be kept to a reasonable level and should, not exceed 30% , 
engineer iiig doctoral enrolments. . : 

COJ)h, ,:on pagc^ ^qf lt3 r^apon^eV ^t^tc^^^ th<i proportion 

of Canadian bachelor degree graduates choosing to Undertake PhD' studies 
changes drastically^ the numbers of .qualified applicants coming forward 
will certainly decline"/ There are suggestions that istuderit stipends 
be increa$ied» We remain unconvinced that stipend a need }>e any higher 
in engineering than . In ariy other field , but there la one except Ion ^ 
iitxii thi,H Is that people vitli substantial prof essipnal experience 
ryturnlng to graduate study should be suppotte^ at higher l^ve I ^ 

ACAP idcl ined to agree with the University <>f Wa ter loo^ s /comment ^ 
page'G-29 in it« response to the chemical engineering reports that the 
best way of attracting Canadian students is a vchange in the general 
atmosphere surrounding doctoral-work in engineering ^n thi^ country 
and to convince the brightest young Canadian students that there are 
challenging opportunities fpr advanced work in Canadian Indus try*\ 
Increased dialogue with industry as well as up-to-siate intopmation on 
jobs available would isiake the employment picture brighter and more 
alluring to prospective Canadian graduate students especially if the 
number of induj^trial scholarships were increased and more interaction 
were seen to he taking place between jtndustry and university. 



This dialogue with industry is needed to ensure that more Canadians 
continue graduate work^ If Industry Indeed has a place for the 
master^s or doctorate tn engineering* more xaust be don© to encourage 
goad students to stay in university instead of taking -a job after the 
bachelor degree. Industry in its hiring policies can encourage this* 

The chemical engineering consultants recommend tliat the universities 
should endeavour to develop entrepreneurshlp in students* They feel 
"this is a quality so badly needed at present in Canada". 

It docs not seem as though Ontario will overproduce engineering PhDs in 
the next five years. The question is rather whether there will be enou 
qualifit'd students. In vfew of this possible shortage, the following 
r^^commendations are made by ACjVP^ 

Kct*onmkmdation CI 

Ii is recommended that COU abandon the quota of 450 doctoral 
student enrolinent in 1974--'75^ and plan on roughly the present 
enrolment for the next five years, assuming greater interest 
by Canadian students in engineering graduate work. If this 
interest douK not materialize, the enrolment will undoubtedly 
dro{>t in any case, it is recommended that CODE be asked to report 
annually to COU on onroltnt^nt and empluyment opportunities. 



RcH-g mcnda t ion C 2 , , ■ \ . '• ■■ 

It is r*:^commt?U5!cd that sti^pi^ be takutij^^^^ ^ . ; 

' caiuliilat of the va Ixux }i Vhl) in niany phases, ^^f gpyernment 
mid inaastxy , nbr Ucvelupment v • The - • 

UTiiyursi iLio^, iriaiviauaUy -^^td ^h^KIucI ag<i»cloii ; . . . 

Siivli XH/CiHii^.' sliduld dificuj^>>"vith"^ t and governniuhtal 

vmp:i^>yt»r^ .stup^5; ti> bu in ovdi^v\td overcome, thd 

lU^t>£Ojnji)enJa t ion i >3 . . . . . " ^ ; 

s rv^'*>nuntJude4-U*aL ics /m^intaxa. thvi . situation 

wncft.^ Canadians and laaUud iuuuigraat^ const i 

kH- th^- doctor ixX cvir^^ in ai^y j>rugramme^. at ^ny om? tinic, 

iljmifth tbt2 number of iand^!d inmigrantis ma^^ ■ decreasu . - " " . 

k t rai:te nd^ rt io n ■ C 4 ' . 

- ii i\s r v-t;o*un:^*udua rtiat tlw univefHl t it's » tiie praviiu: la 1 gavt^rnment , 
.ttui grant in^/ a^onc ios consider the remarks oi" the' consultants and 
\ xaininc. tlie/i^xtcnt to whicli t ho i imit to ^tuut^nt income detors 
l.jnadians from entering graduate work • Muans of supplementing the 
inconit* of profcsHienally t^xpi^rlenoed students should be examined; 
incrLMHcvl contacts between faculty and industry could lead to 
iiK rca.*^«-d indu.^triai support. 

Adfuit>g > Ion s 

WCAV d;)iis not Hiiinyorl Ute vicv heJd by the i^lectrical engineering 

vnsuit mt.s^ namely tiiat admitted doctoral candidates should have first 
class standing; and proven rest^arch ability* Many students^ who graduate 
with hu;ij se^NWd class iamours have bectmu excellent researcit enginrcern. 
lixK^ usual m in Lnum standard of L\.^ bettor departments is a high. B and all 
the consultants agr*?e that hiu^i standards of admissions prevail generally. 

i;t.-w:onuiic'adac ion (-3 

it is r^u omnendv-d that e.ich discipline (^roup moaltur aniuiaily the 
a.imis5aons experience of each prtigr.utmK> (post f acto) and re}>ort on 
tiic- qualitv oi the .idmitteu students to ACAF for transmisi^iun to CUU. 

a:4rees with ACAi' on thci annual post lact o analysis of admtssian 
praci Ic-es (pa^e 11-3). Tfu/ chemical emUne^rinft consultants have suggested 
'^tiiit sir>u]J il h*' f-Miad that -Uudv-nt s havt* a^c.epted whrv. In the 

opinLou oi tUc ^:oTnmitt€^e, du uut . full ill ti**-" minimum requirements ^ tiie 
co:irat.teC/ idvibc that a recomrtendat itJU be ma<le to i \ic requlisite 

.'iu!h4;rltv sji^rct'.sting no IHV be awarded for that student"/ ACAP does not 
: , t t !u i:v ,v^.str; .it i.M-! iUH^euf Hi:i. e rci;ular ri:portin^4 by the 
i^Ucipiine Croup should t*Kert considerable presstire if an institution. 



repeatedly admics Students of a low standard • 



" Urider^raduateKJraduate Relationship^ ' " 

Sois$» coHHu it ants as^sert that eac^ prpyide all 

I/eveic pf : studyr bachelpr^^^^^^ go so f a^ ; 

an to iay t t>at a: 'doc tcra^i prbgramnie in each department is essential . 
CUpE^ ou th^* <^th^ for a good 

uoder^raduAte pragraime ~ is research and professional ac t iyi ty by the 
faculty^ and that this <iaa be carried forward without graduate students, 
although aCpresen easily carried on . 

tlirbugh graduate prograiames (page H-3) * ' ACAP agrees with the position 
stated by ilODE and indeed applies it to all subjects^ not only engineering, 
but with thp comment that in.many fiields it is not difficult for a 
prof^^^ior to he active in research^^ without having ^^,^g 

We would point out th^t the other position wduid Imply that no department 

should exist unless it can operate an effective doctoral programe, 

a ryi<?w which we f ind inipossihle to accept. The absence of sufficient 

research and professional activity by professor s wouW 

about the quality of a department and hence of its undergraduate 

offerings, whether or not it offered doctoral work* 

Thesis Q u ality 

RecotTgnendation C6 

It is recoininendt^d that all doctoral thesis examining committees 
should have an examiner external to the university. 

Since ^onie of the consultants have mad^ reference to the make-up of 
examining coimnittees ACAP would wish to endorse this practice of 
ijfcliKiing an €»xteriial examiner* 

/ , Critical Size 

We agree with COUK that there must be sufficient range of interaction for 
the student and that the Judgement as to the presence of this interaction 
must Int'lude consideration of the involvement of peisoos outside the 
Htudt'nt^s dfcspattment and :>hould include post-doctoral fellows and research 
assaciace^ as well as students^ Although these plmining assassisents 
wtiri? vertical^ as CODE suggests ♦ each department was asked to state the 
extent of thi£ interaction in its university. We agree that t her €i la 
no a priori reason why a small school cannot provide as satisfactory an 
environment as c£*n a i^irge school. The question is not one of principle^ 
hixt one of fact: does university A In fact provide the requisite cnvironn«*nt 
for interaction for Lite average student in its department X? 

Most of th<' *;unsuitants considered this question carefully and made specific 
.-'Cinuni^^s but uthers pruviJe no evldonce that they examined the matter In 
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any i^f tlio ;unlverslt.ii'H* Wii Iti. most aftiTL/c that sui'Ci^HHf u I proj^tammes / , . . 

wuui exist itv .s^^ ^^^J^'^^^S^ ^^R^r^^ ^^^^V ^^^ ^i . • ; - : * 

iS^rt atn -nuiBt>er o f ^; tuJiints- to makv. thi± . oours^H ,econom lea 1 1 y. Joas i b 1 antl . 
acaU^imivally- '^itiinulatin);. '- • , ■ • ■■ 

■ '.-^ ^. . ' Mubi 1 it \ pi'' Studcii t^^ ^ ■ ' : ' ■■ 

Tho chemical •engim^0r ing cousuttairt^ cancerned abupt th^u Itick x^f . v 

nH>hiUty uf viigint^e^'ing ^studv^t;^* l^vy Up nut consider it a gouJ 

vHiucationvvi v.xperienc<;:» tc» study lor , . ill, ihrct-v Uei^rt^c^ the ..t>ai.hy '^'i 

flur. ;nascrr^s and tUcd^ same "iju 1 Very it Y . SuoU a vr(>gramn3c- * " ^ • 

K aCls/t.^ iit|>ri-t:'! in^^^ ami' prt.!cluv!cs any chanct* \or the -stuvk^nt / . " 

tu < imx^ iu i-untact wUli d i f fcrcn^t fai ul ty ^ st utltints ^ ral licu and siothods. ^ 

- AMi<' snni^ Amos hi-^a.rs a prof iMii^ in Vh^^ory ^ Imt liivn ;7ay that • 

in pra.:tive j:^^^' situUeut maat nut be- pruvciittrd fro:n j^oinii' to tht* imiversity 

liic 4>p^>ortuniti*.'.J5 that art- avai labKvto liip., anU ink iiu-^ aiTomu > ^a" 
i-our.-it'» i>t I'lw uiulcelrabie aspL'i'ts ot rt:i:uiinin^ in unc univc-rsUv. 



li is ri:<-v>rinu*ntifd that uAch ipi iu<- .^^rotip anJ A:<>iU-. -it-Vf iop 

priMjH^sals for piaKiny. inl4>rmation on ^radiiatt' work in all <huari»> 
lutivu•rsili\*^7 Vtsijilv avaUahit' tt^ 'ilui en^in^^t}rin^ sttulunt s, in sotnc 
s'%>\U*cii^v way and inform ACAP -*>f the -ai^tion tMkon* V.at:h uiiuiiplinc 
i.runp triionld rt^port annual Iv on the imiversily last aiieniicU by tht.» 
aradtiati* sttuk'nts in i-a«^'h departniL-nl * 

ravL- t iuiv rro^;rainnit*s 

in P?72-7^^ 18 - i^f tiu» vhn;fi>ral studtnits Mttui^ inv. ff^r.itH'cr i nti ;ver^ doin^». 
•na on a parL-ti:nt' ha.-ii;-;. h^j'^,. of titv'Sc studcutb vt-re ranadiaut. and 
aiiof r~ *-i WiT*' huicifd iiufui^a'-iut s . li would appv^ar that rhi-s't- part- 
Mru^ pro*».r.tmPk»s ar*- heinu ns<'d by rho ^^rofcssinn to tip^^radi/ tli^^ skills 
and !;nov{v'l>'.o iSi ii^ prA^.'il^in\\ t:nj.' int-c^rr . 

iiu' lunstiliants dividt^d ou {. nc is.sur t4 j^art-l jA!-i»:/ranmu!y> ^ hoiui- 

Navin«* ii iiad<'i l ak in;t. • sh^aild In' r\irt'Lv t'iiiv< ai^iul** aiid .jli. 

''full c-n.'Oura>;<;mcnt shot/Id ht- y.iw-n to |>art-tir.ut docii>ral ]>ruKt"a:iunf.^/* 

....V\.\P ti^cl:: t^rat Lhor^: iv. ;t p ! ti^H- t'^V t p/tre-lHt-v projT.HHiv; anv! thai 
^■.it\5ul atl'.;ntiaii .'dtnuhJ ix.vvrf.N>i to du.^ xi.' part -f I'wi.- pr^^^.ra/r,nc;•>^ 
hi'-u iii*' in i:Jnd tht^ ^^tri-n^uhi^* th^-- d<*vartruMit <Hu ih^^ daii>.u r:; 

n»i!Md is that >• t tkkuH b^vcoru* In vo 1 v<d , undt-i a.part-ti^M' 

. ;;np«.trvisL:>r, in a pr'-^frrt in aa ar^'-^ in wliich tltv tun-tf}:*.- staM ha-: 




Rec<>nmiendat ion C8 



It is r ecdmmen443(i tliat at the present par t-t imct or non-president 
dpctpral work should be by arrangettent and that experi- 

mantation in this type^ It Is also 

recpipiended that the re search on 
a part-time t^^ in a field in wWcK^^^^^ the 

• department have expertise. It; Is recossacnded that OCGS examine 
existing university guidelines in this area* 

^.-:-.rr-:';r:.:.y"-::c- ■ " - ^;Co pg e rat r---.. r..^;-;-; v^^^^^ ' ^ • V- . 

One of the m points that *11 the consultants agree ijnon is the^n 
fpr, increased cooperation both vichin and b€?tween universities* The 
chemical engineering con found a need for Increased Inte^ 

action between the englneeri^ and the pure science facultles^^ Some of 
the other consultants fe^t the "need for w>te cqw^ and codpefatl 

between the universities and industry and government, Lastly, more : 
effective use could be made of the resources in the province if the 
universities themselves joined together in soine form of cooperative 
endeavour* CODE endorses tb is last poi^t ijuite strongly in its 
response^ page H^4. ShdrlnjB of requip^ent* discipline tnee^ings ^^nd an 
Interchanj^e of credfts for ^graduate courses Jtre ^ few of the methods 
listed by CODE that are to be encouraged on the v^y to laaking this 
cooperation a meaningful and workable venture • ACAP concurs with the 
statements made by the consultants and a>OE and strongly supports their 
impl einent at ion - 

ACAP intends to request that each Discipline Group report regularly 
ta ACAP on interunlversity cooperative arrangements. 



Faculty 

Tw3 sets of consultants found enough disquieting evidence in the engineer 
facultl€*s of the province to suggest that the requir^ients for a faculty 
member, eligible to supervise graduate students > should be reviewed and 
enforced. ACAP takes nr> position on whether or not there should be a 
separate Graduate Faculty^ but there must be a mechanism to ensure that 
onlv those faculty with proven research ability and productivity 
supervise graduate students. 

Slnct* this x^oncern has been mentioned tn other assessments, ACAf feels 
it Is time that OCGS conduct a review of this area* 



Time "to Reach Degree 



The eifcctricai engiaeering consultants wre cohcew 
length of tlwe taken to obtain the ?hl). As they pointed out, the 
average student at one university took 13-20 months longer to complete 
hl9 <J<>ctarat€ than his counter^^^^^ univeralty. As a 

whole, they found the average tine of study to be excessive. 



Recotnmeadatlon C9 - 

It Is recpimnended that the universities reporp 

OCGS) each year on the time taken by each graduating student 

to cqmpiete his doctoral Studies- ; 



ERIC 



IV, UNIVERSITY gl£C0^1MEN0ATIQNS 



Engiji».'er ing was split into five stiparate is^^saments , bite tor eaijh of 
tht' t iye tradit iojjal fields of tjaglneering,. Twp uijlyersltles . Western 
Ontario Ana WinaiHJr , iio not admlriisJjter their doctoral eagiaeering work 
viiong thtsse. lint'a but rather on aa iaterdisclplinacy basis that cuts 
ii«»r I iontvilK'' ,t» ross ^nslh For ttvis^ r these t«o uiiiver sit ies 

art/ bvliii;. dealt with s<»pirrat«;ly and not as part of the aore standard 
.^ppfo.i.'ii evident in the five a^sessoeot reports. Similarly* Td^elph also 
ia ini.lud«d in this section. 

7 ^ University of Western Ontario , ' 

Thf L'nLlvcrs Ity of Western Ontario hegaa to pf fer doctoral work in 

engiutifrtng in 1965. Stnce/then, twenty PhDs in Engineer 

hav< b.f*!n, t«r»mted . Froni ^he btjginnipg ef fiart Haa be^n^ 

its iaterdissciplinary nature and there has been a limited number of 

.«rt.-.is in which .the sfcuient jaay do \tis graduate training i At no point 

h'*si:k av>irtorjl degree been given Cn the 90 called traditional fields of 

«. nglnvt'riag. , ... . ... 

ilu>r4^ ;irv» fjeveri m;iin rtssearch ^reas in which a stud^sut may obtain a 
PhD in Engineering Science^ They are Geotechnit:al 2. Bduridary layer 
Winii Taant>l 3. Chemical and Blocheralcal Process Development and Design 
^. M.itcrial Science 5. Sysceins 6- Applied ThertDpdynamics and 7. Applied 
ivi i tr^^.stat Environmental engineering aspects can be studied in 

ill tht^sc resean'h areas except Material Science. 

.■ ■■ ■ ■ ■■ ■ ' ■ 

Wt?:;tcrn*5 response to th^ collective engineering picture gives the 1973^74 

<-nrafnicnt 29 F.T» and 15 P.T. doctoral students* In the additional 

i\,itA givt^n- to ACAP^ 18 of the 37 current students^ pragratnme of study 

:<utlin«.*d v^^re in the cheirjirai engineering field* 8 were civil* 5 tnechanical. 

ittd ^ ^\wh in v^Unarical and material science* 



Th* ht^'Hiiral tni^umvr I nj^ ransultants have provided evidence of that progracone 
hi; ini; uf i^xuMi quality. The systems research area depend£=ii heavily on 

h^-ni il ri^rini'crini;* ACAP* tlierefore, concludes that the re!9earch areas 
i^tc Hii v il tud Hioi'hemftMl Proteus Dtivelopment and Design^ and Systems are 
■*i I :*t .K turv quality. 

IIk mtt illurgiral engineering^ consultants have recomiafc*nded that the* Material 
^; ien» i* pn>>^r inimt.' iH'COnie a part of an interdisciplinary programme rather 
ilhin .10 *n<i Iusivt!lv material s^cience one. This was in part based an the 
:.V:t tn.it thi} group in smail and spends most of its time teachint; at thi* 
ujujot uiu iti' U-v^i. Tiu'V ar^* *% arrylng a larfie progra^ine for a group which 
i . w ih' r- i t it a! in siiic." From the additional material suppl led by Western ♦ 
^L'V^- is iitlU: vvidenct- of interdisciplinary activity far Htud<.>ntJ5 who . 

J.iin^!; research in this arua. ACAP concludes that this area should 
r f'» r.it i it tht- do* toral leVcl * 



The ^riia^ of ffi^chanical engineer injg doctoral researcft wbxfc are subsusiied 
under the main research area, Applied Therffladynasics. The consultants 
Indicate that the doctoral research connected vrith heavy water is of 
good quality, but they raise very aerious queat ions ahbut th^ 
work in acoustics* they feel this area should be restricted to work at 
the. master'* ■,!*•■ level. ■ f ---.' -- ;' ; . • ■ ;- 

The civil-englheering cmsultar^ts did not make comparative judgeniesitSv 
but from 90iae of the phrases used to describe the Boundary Layer Wind 
Tunnel Laboratory such as 'internationally known", ACAF has no reservations 
in recommending continuance of doctoral work in this research area, even 
though it appears to have little Interaction with other groups., Tl»e 
c ivll engineering consultants told us nothing about the Geotechnlcal 
arfea ;md wcs therefore,^^^^^^^ in recdnunending a ^sition to be 

taken' with regard -to, this field. . ■■ ' : ' 

The last research area » Applied vEiectroatatlcs, is the most difficult to 
assess. . The electrical engineering consultants have reconuaended dia- 
contlttuance of the dijctoral prograin^ 

getting too Jiarrow a- iraittln^ in electrical engineering*- We observe » iT ' 
-however, that the students are not considered to be studying for a PhD 
in 4?l«ctrlcal engineerlrtg, but rather for a general degree Jn engineering 
sciem'ev Although there are only .a few faculty neinbers In this area, they are 
. internationally knOwi, Th« oain probleia would, therefore, seem to be 
the extent to whlfhjfc^ training in this area is of an inter- 

disciplinary nature. From the data available to ACAP, we are unsure. 

ii> the i'ouciie of discussions with representatives of the University of 
Western Ontario, it becatse clear that the Faculty is Involved in a 
thorough re-examination of its doctoral prograoase. It is coaaitted 
to ^he concept o^f an engineering science PhD but is reconsidering the 
appropriate areas of research. While it is not entirely accepted by 
ACAP that all the activity is noticeably different from that in engineering 
departments elsewhere, we nevertheless believe that this intention of 
Uw Faculty should be encouraged. A corollary is that it must be very 
careful ^ibout the research areas in which it accepts PhD candidates; we 
have already commented on these and note the staiwiard of quality seetsa 
variable. 

Tht'se i-oniiidf-r.iL ians have led us to formulate th«* following recommeadatlon. 

Kc-.. orameadat io» Ci O 

It ia rticomended that the University of Western Ontario continui; 
Its examination of its PhD prograsaae in engineering science, and 
put forward the resulting progranuse for appraisal, in particular 
:/ delint-'ating carefully the areas of research in which It feels.lt 
appropriate to accept students. In case a favourable appraisal 
is not obtained by October, 1976, admission of new students 
-ih"!iK! f h'-u bi- siiK]u*ndevl . 



Vutrly In 19H^ tlw Faculty of AppU«^^ ScUivca at; the Uiiiversicy of Windsor 
Ht*g:Mt to t^Mamine the striicture of graduate pragraii^s^^^ the Faeulty . 

in order to lmpt;;ove thai uperatipni, avoid needless and costly duplication 

graduate and to attemirt: to; ;create a greater cross- 

»rt i 1 izat ion of research t>y involving faculty metnhers f rom different 
engineering departiaettts in various facets of a larger ret^ear^h plan* This 
ejcamihatibn led to the recoiamendati«^n that Graduate StndieB be^ on 
a dlvlHionai basis, with the seven undergraduate departtnent«( being 
consolidated unde|-: three graduate divisions «v t^^ Prodass, . 

JVsign/ Structuii^s aiv^ the three divisions Wu^ each elect a 

clialr^u^a who would decide on course offerings >nd ent:olment levels* the 
three chairmen^ one elected ra^mbar fram each division » one graduate student 
and the nean^dt .Applied Science foritt a Coordinating Committee to oVefsee : 
and cDofiHliate Che wishes of the Divisions* this plan was approved in 
Spring yl^72 and 1^ now he i rig impleaairited^ 

S<^me ir^ thii traditional departments such as chemical and electrical fall 
completely in one division* Ail the rest are ^pl it between two as can be. _ 
seen in the attached Table Ij 

Ther<' arc nine identifiable research areas, each of which have participating 
faculty frotn at least two of the? old departnients and these nine areas are 
in turn divided fairly equally among th^ three divisions. 

The dugrees awarded will retain the old titles, for example^ a PhO in 
Chetnical Hnglneering, but tht^ interaction of thiJ individual student with 
i>ttH,-rH In the Faculty will be greatly enhanced* Depending on his research 
topic^ the student might take as many as half his courses from professors 
in other 'departments** 

ihe ironsul tants' ct^mments concerning Windsor; vary^ but a number of the I ir 
rtp^rtH imply si>*nu doubt or uncertainty concerning the relevant departmental 
programnie, either with respect to th^ situation at the time of the^ir visits 
or lu conn<>ctian with its f liture dirt*ction. The chemical engineering 
toa^tit taiu s suggest that Windsor be reviewed in greater depth* The fnt^ta I lurgical 
fn^':int'c'r ing t^ortstiltant!^ recommend thi.* integration of engineering materials 
faculty in the iww dlvision-^il system. The mechanical engineering coni>ul taats 
rail for mort' empiasis on inastcr^s work* Iti the case of electrical engineer Ing 
titL- cunsultauts indic ate t liat good work now being done in dactoral education 
in two tit Ids, a^^rce ^iiii the present plans for no significant growth in 
»*nruln;ont ami f«^r no *:*Kpansit>n nf fields^ and ga on to recommend a rt^viuw 

fa vifW uf liithH ronHldt;rviliunH ACiM fi^cMs the University of Windsor slumld 
hv ^{vi-n 1 iitie to produce a viable ln;rrdiscipl inary *»ysti4m of dortural 
cii;.;imu riaiK s^Ludlu^ before that syr>ti^ti is brought forward for appraisal, ll^is 
.^•pr.ii^^;tl wxniLl de termine the U %il fpial i ty in tht* new divisional ^;ysiem 
.md whcthor or ni>t ^^ignif leant interaction has beon achii»vod b4*lwt!cm the 
Ktaf t Axhi fTituifMHts of thi? various di-parttncot?;* 
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Kvi ummt^ridat ion CI 1 



It is r^cd^en^^ 4Jniv^rsity of Windsor continue che 

reorfiani?arion of its dpctoral work in engines and submit 
all prqgramates (presumably these will be the three divisional 
pjrograipsies vhiijli are reiplacins th« depart^ierital progtacroes) > 
for appraisal when the new system has been in operation 
Huf f ic ient ly long to pemit a valid appraisal. Enroi^nt of 
new students should cease after October^ l^^77 if a favourable 
appraisal has not been obtained by tlniat >late.. . 



University of Guelph 



iViv University of Gueiph has for soxfetime offered an InterdeparttBental 
Pim pr^graime In Hydro iogy^^i^ its Engineering Sch^^ a part/ 

It also plans to develop doctoral work in asricultural engineering, 
which it already offers at the inter's level. There are no other 
prugranimes in agricultural engineering in the pr 

The matter of the interdepartmental programme would appear not to be 
central to this assesstaent. It wiuld not be inappropriate for the 
Civil Engineering Discipline Group to keep this prograiame in mind 
vlien carrying uiit the study called for in Kecpnunenddtion Nevertheless, 
it seens unnecessary to await the Discipline Group report to make the 
recatnmendation which follows^* 
. t 

From the planning viewpoint* Lhere seems no reascm to do other than 
.^ccfpt the University's intention to begin doctoral work In agricultural 
engineering t whenever it feels the time is ripe and the proposal has 
pcis^ed appraisal • 

Kvi^ op i mundat t on (112 

It in recommoaded that the involvement of the School of Engineering 
in iho Hydro hjgy doctoral progransae at the University of Guelph 
ccntinut* and that the University begin doctoral work in agricultural 
ciiftincLring at a time in accordance with the Universities plans, 
su{>|ii't tu uorrvil appraisal procedurcsr 



^ U rjav ho. iu>Lcd that cnU did not acceptr ^lecommendatioa C19. 
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. ■ . V/ CHEMICAL E NGINEERING . 

rhiv section of. the ACM^ report wUl- ileal with the reconuBcnaatluns found 
In tluj cHenjical engineering consultants' report , Xl?ere will /be no ■ 
re f.erA?nc e . n^ad^ • tP Western or Windsor ^ ince- ttiese two 'in iy t> r*; it ie^i were 
mentioned in a^ p it is; injport&nt that the consultants* 
r*;.port and thii- university and discipline group respohsses be read at the 
same, lime'as ; th is ■■ACAi?' -report'. -;-. ■ 

RocoTOne nda t ion ^Ci3 : . 

It is reconsmended that the departments take nate of the G«ni?ultaiitK* 
recommendation to to group research activities in well-defined aruaii. 
•ro as to establish or reinforce t^ams^ thits providing a mure 
.stimuiating environment for students. 

RcoommeMuat ioa CI 4 

' It. in recoKuuended that McMaster Uuivcrrfity continue its doctor.*! 

work in chemical engin<.»er tng according to itr, plans. 

McMaster spei ializes in process simulation* waste-water treatment, polw.er 
engineering, cliemical reaction engineering ansi catalysis, and transport 
and separation processes, with stronger CJnphasfs on t!ie first two areas, 
The consultants feel that McM:ist«r*s goals for the future are "realistic" 
and appcif to b<* "achievable and productive". - - - 

Kef omni enda t i on CI 3 

It iii recommended that the University of Ottawa continue its 
doctoral prograirBnt- In chemicat enMneertag aCcucdinK. to its plans. 

{'he tnivtersitv of Dttawa specializes in three main areas including 
therniodynaniics and transport properties; kinetics, catalysis and reactor 
engineer Infi; and transport processes. There has recently been a shift 
towards a greater environmental erapliasls. The consultants encouraged 
«itt3wa to keep tip witti changes in the areas of research and graduate 
teathinn and luovc into tJiese new areas whenever possible. 

' ^^''"'■>™te ndat i o n Cif ? 

U is recommended that tH.een's I'niversity reevaluate its doctura-1 
programme In rhen5iral enjAineering in the lir^t of comirients made by 
the consultants concerning research activity of tha taculty, the 
grouping of research areas, the awareness of new trends -In the 
discipline, and the mobility of its bacljelor's graduates, and submit 
the programme for appraisal at the time tlial tlie University 
.ou-siJc-rs a}.;-'r.>;!r i.al^-. It a favourabK- ^^»prai^:,^l hah not bt c-u 
rticeivod by October 1976, unrolnent of new students should bo 
suspended at that date. . . 



(^uetrnVs i:nivers^ity fpecializ^ in cUe follQwirig five doctoral research 
areas: biochemiCsii and environiaent engineering^^ chemical Jtinetics and 
r<^^u^t^»r jJcj^ig^^^^ <-untroT and .siniul,ttion ^ theTmpdynamlcs , ami 

transport phenomena, these areas cover mdst of chemical engineering ; 
mak ing a rather unifora distri ion of effort. The pufalicatibn records 
of only 4^ professors are very good, all the test being average or low^ 
iliis raist^s quejtionsi as to the activities of the fac^^^ - " : 

connections with profes^sional and scientifiG^societies^^ 
ii?^ ■I!^>nty m act ive'- v The consultants fe^^iV a^ nuiaber of 

Quet^n's bachelor y,ruduate,s who undertake graduate work at the same 
■ institution* ■"' ' , . ■' / ' ' ' ' 

On the opt imii^tic side^ the consultants note thait ^the very ^xceH 
Uc^^eiopncnt planning and programme forecasting suggests that the 
.di^*^artmet)t*» goals ^nd future rese^ will be relevant and 

re.^pon:iiVe to the' prevailing needs of the provirice^^ ' " 

ArAr sug^est*^ that Queen* s might consider strengthening its present 
faiulty^ or al tcrniSt ively, if might consider consolidating its existing 
wldt? sco{K* of research areas* As to inbreeding of students, A(-AP draws 
Queen ^ s attenti^>n to Recomn)i^ndati?n C7. 

Kt-conroendatio h ci 7 

It \s recommended that the University of Toronto continue its 
doctoral prograpis^e in cheiTjlcal engineering according to its plans, 
paying particular attentioa to Recotimjendation C7 regarding 
mobility of its graduates and to Recommendation C13 concurning 
grouping of research areas* It is recommended that the University 
of Toronto report to COU through AGVP by Juno^ 1975 on action taken 
in regard to this R e r otmnend a 1 1 on . 

Iht' Tniverslty of Toronto lists eight areas of speciali2atlon» all of which 
HhoK a rather uniforn distribution of faculty effort* The exception is a 
marked emphasis on applied chemistry- The consultants would like to see an 
tffori to group the staff in given areas of research instead of the present 
policy of allowing a staff member **to select his own path". The consultants 
liid not find Tt^ronto's statement on its plans particularly h&lpful and they 
<»fft rt^Hi ]ji> coinnuMit on it» otht»r than to say that "it is doubtful whether 
any incrcasi^ abovt* the preSi^nt vjnrolmvnt would be beneficial to these new 
studunt:i ur to tlie student body as a wholc^'. The Univor;'>ity of Toronto s}H:>uld 
.ilso t*iu\>urai;e nobiHty of its ^radnattis to the btaefit of v^ther departments 
and ut lIhi stiidLrnt s al Ikt-* 

It ir. reronimcnJcd titat the TnivLrbity of Waterli^u rOntinut^ its 
d.ut/»r.il prof^rannv in rhi^rac.il en^^ineor tnjj accord inji; to its plans. 



The .I'HivtTHlty. af Watecloo luis. >;rpuped its Tcsea^^^ activity into five . 
arv4i! ituluding bic>cbeinical and food tttigineerliag, extractivej4nci pracess 
Tnetaliurgy» polyiiKjr science and €ngineerlng, M^^ analysis aad 

control , and transpor c processes iind kinetics. Ihe scope is widti , . ~ 
covering a large part ^Jf cUemical englp^^ are de f ined , 

groups to cuordinate the prograifmes. Although the consultants cdasldered 
the stattJinent of goals and objectives "less positive and definitive^' 
than others, they wtirtj pleased to note Waterloo's intention "to ensure 
research activities by the use of more post-doctoral fellows and hired ; 
rtjscarch assistants , (non-degree candidates) if - this should become nticessary 
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VI. CIVIL ENGIKEERING ' 

Thtv repart of .the civil , engineering consultants contains a number of 

■In^iortant recqnunenUa^J: lo^ [ • . ' 

Tlifc'ir : discus supports our ^^^R^^ 

rhey ?ugge^t that /(^t would bt* wise to expect rather fewer students than 

thu , totality of/ the stated university plans. Considering the ui^ce^ 

of the manpoweir analysis and the of the numbers involved, ACAP does 

not feel i t desirable to fonnulate any recontmendat ions about i^ndividual 

<.*nri|iment . VACAP does advise each to consider the likelihood - 

that Liie dpctorai enrolment in. civil engineering ^ may fall still f urther . 

unless the fraction of Canadian 3tudent3 Increasea substantially from 

its prvs$*nt level of about 25%» 

Thrir cumiiients .that the *'study pf a civil engineering speciality in d^pth 
necH's^f?itates increasingly * ^ •some graduate work'*^ reinforces our Retoiranendation 
<:2, 4*o«i'i*rtiing ptiblicizing the value of graduate work « 

Thcv arsut:^ for TO>re part-tli^e work and closer liaison with industrial and 
>JtoVi*rnment-al laboratoritis* ReconffSendations C2- and C8 touch on this point. 

Iht^ consultants on pages A- 18 and A- 35 express their concern that students 
tt^nd to raniain for graduate study at their undergraduate universities, 
often he in>5 unaware of offerings elsewhere. We make recommendations on 
this -prublen-in Reconiiaondation-C?. - - - - - 

'Hw con^\i\tiintf^ perct^ive a need for more consistent requirefnents of 
rimrptance. * . .between universities''^ Although we do not recoimnend tiie 
p,irticular rcTncdy they suggest we do make Recommendation C4 in this 
c diinectioa* 

Ml -"Uters specific to civil engineering, the consultants stress the need 
for nore emphasis on fields other than structures* They call for less 
stress on "traditional areas, particularly structural engineering, and more 
stress on mul t iJisciplinaty education* environmental engineering, and 
iransportation"* They suggest tliat "change of progratsoe emphasis in civil 
< n>;intH»r ing (will) lead to some growth in faculty when generally universities 
aft* expecting: a fairly static period**. On pages A-49 and they quantify 

lUi^ .shift hy asking for a 20!^ reduction in doctoral enrolment in structures 
(i.t. a drop of about 15 J4tudcnts) together with a corresponding increase, 
rou^Iilv i»qually in t ransportat ion and water resources. Perhaps rather 
:%;urprisinnly they then sng^^est that no university should of fer a new afield 
at the dtK' Loral U^vel* (On pa^',e A-52 they also suggest that no university 
ridwrt- he range of its doctoral prograimnuj^** but on pagt^ A-51 Ihey add 
"uoloss that university desires otherwise'\> 



fif rhis stani^i'^ bas*:*? on pa^^c s A'~25 to A-- 29, is sunuuar i ^A-d 
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Thore, ari* UU fivult ioH in aovopt tit*^*^^ ri»cuninH'n4*'^t ions* . Hor ux^ntitilu^ 
i r -v^uv asiv^t!?"- what ; lIh- ' sii llt^ uf ^/an'^liikfrtt f roni struoturc^^ wokiKI -bi; ,^ ' 
totxil urottnd 15, one coji^i^B up wilU sotnuLbing likiel Cariuton 2, Mc>tistcr 

imv iiv^>\.d.L>c proj^rammes at Car letpu,, Turo1itir> and Wat criua which ndijJit 

ino;re4^<^.'^i>y place* "()ue- has i^:^this 'is' theses t^^^w^ 

to.^ivwlop moj^i^ hifji quality ilqccorai work* Woui4 it be a better Htratugy • 
to ouc ouragi;; :C:ar Ic ton^ Jo r i^Kamp 1 e ^ _ t^y bu 1 Id >l i^omowha t„ larger j^^roup ; |: han . 
1 or 4 siudeilts? Tluiro is anuther cpncef ji- ! Are ai 1. the trannpurtat l(>n. 
grmips : of equal V proitilHi; as places to dy dixrtaral w If naty . should 
Homi* ht' St rcmgtlien^ than otfiers If we r^al iy bel ieVe in penny- * . 

pai\k<;.t*t*arot I meatus ^ could a fourth vmlversity perhaps . writer thi s f ialii? 

The coasuitantsV repi?rt pruvidcs no j^at lisfactury discussiildn uf tut^^ne 
quest foHH tu 'juHtify Its prdpunais. 

lx(uaily unsat i^factury^ and perhaps ii)brc basically disturbinii* i.*^ the 
fi>nsul tantis* failure tc> Riv^ any discussion. whatsoever (with three small 
VNcej^tidhs) of the facts? a which led them to contl ude: that all 

existinK pra^ratnmes are sat isfactory • This may be so, but tUe ratlonaje in 
far from clear. As the appended cor rei^pondence (Appendix 1 to this section) 
/showHj the consul tants doc Line ti> discharge their tenns i^f reftirAfnc^ , in 
parlirai.tr Cic and the paragraph foilowinft C3d. (See Appendix D). 

In partii*ular, aitfmngh the ^ij^ttur af critical acadenic enrolinent size is 
di^.cu.-tsed in ^;enerally acceptable terms . in tluit the jfroposition is stated 
tJiat Uiere no a p-rio ri reason to assume a small school cannot provide 
as sat i sfa4- tory an unvirpnmtmt for a Fhl) student as a bi|^ schuol^ tiie 
consul tantf; neither state the characteristics of such an environment nor 
d't they tnake any effort to show that it exists in the several small 
pn^j^ramiTii^s they examined, Aitiiouph it is no doubt possible to make the 
Just if ic at ion in seveial cases, n*ivertheiess a question must stili loom 
unru-ttUd as to tht- academic strength (from the potential students^ 
vif^^^point) of several of the pragrammes, nam?ly Garleton„ (iuelphi McMaster^ 
ariii perhaps Ottawa and Queen's. (None has been appraised.) Of course the 
lonsnl tant s' report, diie to t!ie lack of rationale in it, ^^,ives nu reason to 
supposL' that the larger d**partn)ents arc necessarily of suitable quality ^ith 

M.\V rannot justify to itself recominendlng the acceptance of the consultants 
plan, Callin^\ as iL doe.s for static enrolment, small shifts of empliasis 
in l'ifc*l<is, and no nc^w developments in any <lepartnK*nt . We feel th^iL the 
qiK^-itii>n of the best way to develop doctor;!^ w>rk in transportation and 
watu-r resDurrt'S' naist he more carefully canvassed and that wiiatever the 
answer be it must bt^ adequately justified* Some evaluati»crn of the quality 
nf tin' proji;rannit'' in ^ach broad fi^ild at ^ach university must be available 
btM'*)rf We can make any credible rec^iwj*.?ndat ion • 

AtLt^r* would like, at Lfiis pi>inl*, to draw attention to Lhif hi*^cipline Croup^ 
renponse. Appendix r*» The members of tlie proup feel the consultants did 
n»»t *\st ize their unique opportunity to inake quality judgements** and failed 
to *'addrcss thi'mselves tu the question of quality in the planning function 



■ -I, t-- -i. ■ 



In their canolusimis and rt-conaaendationfl/'^^^ t^^^^ that a 
statement that *Mocutm?nts the sundry strengths, and weakn«ss«s » if they 
exist, could well inor.M^.^ cht' value t^v f:ho,S€ on whom th^ responaiblllty 
for iviiinninp, ult imtv-ly ■f^':atH''V ■ ACAP -theTt-fort- - ■ • 
recomnjdndaLlou'. ■ . 

Ruooramendat Ion C i 9 ■ ■ . ■. ■ . ■ , ■ ■ ■ . _ _• ■ 

It i« reci'iinintmdt'd tluit COU recomaerid the contiriuance of tht;, 
. i^jcbargo on the funding any new prdgrananes in civil engineer iriR 

imtil COU ha-s, accepted, a Disc i pi ine CrPup repoft .dealing . 

■ adequately vith the i^iturti rola , of each department . in r^^ 

■ . ■■ ^ tv?.^. the- 'different ^ fields' of .dbctjorSi';-^^ partlcula-r ■ ; 

attent-Lon to t;he r^viatiy^,^ St 

departroent and the change in emphasis on fl4?^lds recoiamendcd 
■ hv the consultants. The report should be submitted to ACAP 
by Ueceraher "31 , 1974. ' ' . ; ; - 

Wo re>:ret that this recommendation is nece3sary. We note (page A-5) 
that the Discipline, rtroup had not propared fojr the consultants the 
. repor.- > ailed for by the agreed procedure (page , We note also that ti e 

consul tants i.tate that they "have formed (their) own Judgeiaent about 
the strengths of different civil engineering d«2partiaents and the areas, 
in which ttioy are likely to be able to attract high qual ity students" - 
wc. rvgret that the consultants are not willing to share these ludgements 
vith the Ontario university coaar.unlty which employed them. 





NOVA SCOTIA TECHNICAL COUCEGE 

■■p..o,.w«i.i.m,.'' ' 

- HALIFAX. n. S. 



• Fraf esiiGi r M. A. i' res ton . 



Advisory Commit 'cee on Academic 
Planning . . 

Council of .Ontario Universities 
J02 eiioor ^itroet West 
Toronto M5S IMB^ oatario 

Dear Professor Preston: 

Furtiier to our recent telephone conversations^^ I have 
now hoard from bii my colleagues who fully agree wxth my 
letter to you of 4 December 1973, 

As mentioned in this letter^ we did not discuss the 
question -of quality -in our Report since none of -the civil 
engineering doctoral prograias were found to fall below 
minimum acceptable standards. 

Moreover,, we did not feel the need^ nor were we 
required by our terms of reference> to make relative qual- 
ity judgements regarding the strengths or weaknesses of 
individual areas or departmei^ts, because in our Report we 
did not recommend any change in the number or the range 
of doctoral programs offered by any schooir including the 
yarioUi^ areas of specialization of the smaller universit- 
ies. . 

Since the civil engineering discipline groups as 
well as most universities, find our Report on the whole 
acceptable, we think that little is gained by getting 
xiito an area which might be interpreted as an appraisal 
or dccreditdtion assessraent. 



Yours sincerely , 



G. G. Meyerhof^ Head 
Def>t* of Civil Engineering 





lb 

c.c. J.L. 3ouiet 

W.W* Eckenf elder 
fivV;^ - Martin - 



NOVA SCOTIA TECHKlCAt COUEOE 

: _«^_<>.'8px;;i«flio 

WALIFAX. N. S. 



■4 ■ De combe r" 1 3 : • 



:Prpfessor-^':-V-"^>';-:-'f^ ■.- ■■■■ 

. r.KQcnt iVo., V.i-ce-Chairmaiv . 

Advisory ComTnlttee on Academic 
..P. lanni-nq. . . ■ 

Co vin c i T ■ o f On t a r i o ■ Un 1 ve r s i t ie s 

102 n loor .'■"troet V'est 

Toronto H5S- IMS, Ontario 

Doar Professor Preston ; 



- After roturnina from the west coast, I found.^your let-, 
tor of 29 :K?vonber and enclosures, t^^rhich T read with inter- 
est. 

In reply and followlnq our torirs of reference, v;'e had 
not dtscussad the question of quality -in our report since, 
in our opinion, none of the civil enqineerinq doctoral pro- 
qrams wore found to fall below tninin^um acceptable standards, 

T ,in^ lookinq fon-.Mrd to the comments of my colleaques, 
in this renard. 

^'ours sincorely , 




G. G. '-Iriyerhof, Fead 
D'^pt. of Civil Fnqineerinct 



. lb 

c.C. .5".L-- Rnulfc.'t 



ADVISUKY a)MMlTTEi: ON ACADEMIC PLANNrNCi 
Ontario Council on G f a d u a tc St ud ics 



f\ \ 1 1 mix r i it <. htiirhuif^ 



November 29, 1971 



Mr* .yijl^lartin / ^ ; . ; _ 
Prof • ^di;'"<]: Hoyerho^^^^^ 
Prof • W,- Eck^nfelder , Jr • 
Dr* J. Boulet 



I am onclosicig all the university cainffl^nts wfe have received on your planning 
aHsessment report and the formal response from the Discipline Group, You will 
recall that it is intended to publish thes^e st^tei&ents. 

You will see from the comments that there is considerable dissatisfaction in 
the nniversities and in the discipline group with your failure to come to terms 
.with; your task of giving us your findings on the relative quality of the doctoral 
wc^rk in the different areas of civil engineering in the* different departments* 

on ACAP have to agree that one of the nK>st important aspects of the terms of 
ref^renct!^ you undertook* is the statement of strengths and weaknesses of departments, 
and that without it the report lacks credibility. If you are asserting that all 
fields offered for doctoral work are competently dealt with wherever they are 
offer€>d, it will follow that civil engineering is a paragon amongst disciplines* 
l^ven If lruif« it does not help the universities to decide which areas to strengthen. 

li\ orto of the few specific comments, you do suggest that McMaster should emphasiaie 
.earthquake engineering* Bo you think its work in water resources is strong enough 
tliat it should set^k to expand or maintain that, or, when you racommend gr eater 
emphasis on j^^ater resourci^s, do you expect this to be achieved at Ottawa, ToiTonto, 
Waterloo and Windsor for example? McMaster (and :he others) would like to know* 
You tuli the University of Western Ontario to empnasize boundary layer wind tunnel 
work; but wiiat about tlielr geotechnique? Since Guelph now lias 5 students in its 
hydrology programme, how can it be exploiting its unique facilities for agricultural 
vngineuring if its enroln^nt becomes 4 to 7? Is it expected to cut back on hydrology 
To coxislder this, it would bd necessary to know bow valuable Guelph^s hydrology work 
is and how substantial is the potential of its agricultural en^*lneering programme. 

I mentiun ttient- points only as examplei^ of the ki^d of question on which your ad ivce 
wuuld be helpful ♦ The general point is that your judgements of quality by department 
cind by ariM are important/ You recommend that transportation be strengthened; we 
ask^ whert? If all lUv departments say *Miere*\ how are decisions about resource 
•allocation to be made without the quality judgements you were expected to give? 



HC HU***! Shc<?5 lHJ*>f>^o i^K t>H».Ui.«> 

Postal Codei MSS 1M8 



One of the aspects of acadentic quail ty has to 4o' with the size 
enrolment. Yau see from tlie university responses that the ce Is some 

aif fAToncv of upinlon. The- Mic iai- position £if COll , recently aaopteJ, is 

follows: ..„,.■■■■.,..■.„■.■. 

**Th*i quiility of graduate progra^^ is partly. 4ependent on s 
prograimev "dep'eriding on - h^^ 

size of enrolineht bciow which <iuallt;y ©ay suffer. That number cannot be expressed 
for thtj discipline as a whole but only for individual pro^ra^ depending on 
their purpose,, thpir resources and their design." 



RecoEHnendHion"4^^^^o^ ydaf teport is "not; inconsistent with Eh?: : 
statement>. but. yoti 4o not indicate what: criteria determine the, "satisfactory , 
envlraoflu^nt. In ACAP we have Ideat if led two areas which we believe should be 
examined in this conhection. , One is the opportunity for the students* developaent 
through Inforioal Int^l lectual d iscussion with, a peer group with cpi?Bion engineering 
or sc tent if ic interests. This peer group need not consist only of students; it may 
also, include pos.t -doctoral fellows. It need not be conf ined, to one department , 
but laay Includti students in other dtipartssents If there is a real sharing of research " 
{Interests. Tht second main area for consideration has, we feel, to do with graduate 
courses. Assuming that a course with, say, 5 or 6 students who Interact is a 
.. HKich iwre satisfactory experience than one with. 1 or 2. students, we see that the , 
deslrabit' enrolpient size is a function of, course structure. If there were a 
progracane which did not require tiourses, this second criterion of size would not 
apply. But if it is felt tfiat students should cake a substantial number of 
courses ( as appears to be the case in all the Ontario departments), then the 
consideration Is valid and the situation needs examination. 

it appears that some of our departu^ats plan enrolments as sreall as 6 to 12. 
It may be that sotne of these departments, because of specialization, course 
structure, post-doctoral and master's population and interdeparttiiental collaboration* 
.of f er an academically sound experience for the student, while other departments 
with the same, enroltaent amy not. Each case needs evaluation separately. 

"thiy brlngH us back again to the desirability of your giving a detailed analysis 
of each university^ We request evaluation of quality by area of study of each 
d<:*partment , Including an analysis of the kind of Intellectual tail ieu establislied > 
for a student by the enrolment size. V 

1 hope you real izu that wu have a problem of reconcliing the reports of the 
consultants on the various engineering disciplines. One report of which there 
seeuis to be pretty gttf.eral approval is that dealing with electrical englnetfrlag. 
Of course not all it4 details are accepted by everyone, but the style and coverage 
t^f the report has not' been attacked. I enclose a copy, since it may make clearer 
what I havii been trying th say in this^ letter. 

After vou have had a short interval to consider the letter, I shall telephone 
Professor Meyerhof to discuss the mechaniSni of your response. Wo need your assistance. 

Yours sincerely. 



ERIC 



>!• A, Preston 



ijii.s ..^'xitiK^n i .u- Ai* r^-^nu't will ■ vival wi th • t Ikv rv*v*o:n:iU'uU/U i vMt^> t'ttiiuo 

itt t iu.*:- I'Ku iri ra j t'^tt^; int'>*i ; tMjiSit3'l :ih( >s*^ r * riKfrt- wi l l » b«.* 

r*-r<'j t i-s i i^U<\-.t t'fn ^^nt ..rip^vr Windsor ; tlu^st- .tWi) univcrsii niS , ■: 

K^iT.v-'- /^n^i tt, ion JO ,, ; \_ ■ ' ",. . . . . , 



t .* 1 hv pr.i'Si^ni an^ Juturv: ueods c?t ~i*a.n:iiiii and ru^iku their i iiui tu^.s 
iV iil ihli; Li). Liu- v;raiu i n>»i a^t no 1 and various assOijiat ions oi 
ln^1a>iry in t>rvU-r to i ir.ul ate. a couLiiiuin^i Jlald^Ue with indtistry. 

*>t ;i<*r .>as^*a|j I i lu- itrvuqi^.', -tiriii a Ls4.> i iur lii.i .s rtu'uiumvi'nda.l i aa • 

■ U is r*n-ii:^ru-m{v'! t hat t ar icloir i'nl vurn it y vonlantH' ! t-< - dorc '^ral- 
...♦rl in vli^^tricil i-n^'J ju-v'r in/, a* ordln^; to its plvUi.s. 



"iiH.warr. in cUrti rival fn>4iuiH^i-iuj4 i'arlotuii in dividvil into iwu d*'i>artiiH'nt s 
l loot r»'»nir-.; and > lrl.^ri^ll:* I n^^Jntu'rin^*, wfui h incltiduf; solid stati* dovioc 
VI.ci I r*jniv ^ ir^ aits anil i' a r. tii t tht^irv, niicr4»wavi.^ t-lfctronics and t lc*'irin> 
lu-air: ,*;yj,*tt ::ij> .ma pr<* . sjitrn aiul thir Systt'ins F^n^iurerln^ prosnmjniCi wltii'h 
ciM><'tMiiaMt i-s 'i.in infi}7m^t iau syj^tt^ms f^uc!i a?4 i:omnumi cat ions and signal 
;>r^n-^ s.^iu:4^ vUi i.sit>u and ^'untrol, diKJi.*^! systtMnn doi>ign and softvan^ 
ini'<. r hm. iht- <'avt'ra*^c wiiiiin Liies*** tvo art.»a«i is w^ll iatograt<..*d , 
^ ^H.rd it^aicd and t^tpr^^i^rlat tur r!4l> training* Thtv enruljiKMit Incroi^^c i^rwin^r-^.^d 
i^v {arl«-ttMi i-s wititia l;^- i o'\]»i'tiMirt' a!i»i cMpahility ij{ the present staff* 

IL In j 1 i^icntli d thai ?U*Ma^u<,r faJverslty otnuinue its deotarai 
vurl: Ju tt u ai tMiy. i Mfu-r I n>'. at (\.n d i i n i.ts plan^i,. 

/*r::i.frr ha. 4>at .a .iud i 'v.; s*t ri*n>;t!i in thriu* ari*as of ^^.raduatt* ti'jujarrh an^I ha.'* 
{'I u> ' ti> Ktrt*n^uhon a tourih, ItKi-i vire 4\n:imunirat icMis and data priu-fss i ng , 
r-^uii ! n and de.ii.v't i-^t^vriiis nut devit^s and » ia.-itlv, nk'dieal i,*K'i'tr«)n 
Tfa .'iertrl. ar i n/, i nu*. r hn; ror.r.i; tne at Mi-.Ma?arr Ik of hi^h quality^ with a 

It i :> it't i':^i;M»'4KUu1 t;iUt^h»' '-niv^rsily of J^t:lav;a c-oatlnue fu .atia* a 
• } « .^j :i ! pr v:'.r ir.r-H' i -J ilec ^ri^ il Kity\iit.^^iriny. ri»Hlrieliid tv> lhi::-»e.!. ia 
di-{iL. il < iv-inuiiiit at i<>>u svste^.iS and 1 .•ir:4u-s<M le HVb^tOinS .* ffjis 
limited progriimmo is to be appraist^d soon as po*jsihU% 

i :ir<*I;;ieiU ju^U* -^e^idt-nt > r>htni{ d i^f.f S<! au t.?t i)t:i.t ^iht;r , ii a 

f.iV.nirahle .r;ipraT-;al h.je* tiiit hr*'n f^btalne<l. 



riu? aci>art^ncin \a tava >*ptu-"i aVi^e thrt:e ^iri^a^ t ^^i^ on sy^ t^fmH^'^ 

vuntrivl aaj sysfcumH, and cununitcr eORineerin>5v^^^ W a faculty uf 11 , the 
conKtiltant^^^'iat that they werv spread ov*^r a rather large-* area ut electrical 
cngipvcrin^i A sRiai l UcpartmeiU wltli a snwU 1 ftutnhijr: pf ;«taf f 
win iiijH'raii ;an «.»f t\y t iviv iU^ct oral programme anly with ^romputcnt proft'S^;i)rs, 
cvMuj^ rv;ut*ut'!iry t u'fils^ ^-^itiilv auu ;m aUi^qtiale r^stiari:li iravlronmetvc • Thi* y ■ 
.vonHitltuuts rt'C^iiunicmi aiNCvnUinniiis the pragrafl^^^ ACAr has curia Idered both 
iho tan; s^^^ th^ univ^rsitv^^i and Im^ tliat 

i>ttaKa^ a i vontribu^ ^^^^^ 
in opvratiin^ a 'special iritui enrolment. : . 



. it i:^^ i^;c>>nricnvieU ■ tha Pf*^*^^'^*^^"^^^''^;^^ I 

■ -riji ':^'tc^t r iifal . >:u^ i acu?;iug ■ Cijiicent r it)iis" ami; • 

^.y-.^t;^^;^>, tie KM* w ;^v:i^4s iuHa^^^ 

i*levtronios AUlvi energy proeuHHin^. Any prup0ii>ed substantial 

ifVelopinentH i^v ihu^six iaiier two fiv^ltlH woulU h« ^ubmltt^iiJ, for . 

,i;>}>rais ^i. It ii7 also recoi^u^nded that the departpiiht iuaiatain 

. iMiri>ln.t'tU -iX its prc'seut- leVei, > ^ ^ 

ir. as s;ptn i.tr£;:ati^^a at queeu^s are^^^ sy^ti^^^^v 

V it'v trrHti. ^iJ^d t:at'.r^\y proces.^in^;* The coiiBultants state that thtj? work 
i . : lunii it lims iK^usui but Is only fair iu systems, and that the 
:}i.;p;*r t;-ohi. tilivild ivt ^^n^T a_ pro^^ramtrte in the latter tvu f ield>^ on a r 
tu.i\ttAV has.i.M. Hewitver, wo suggest tiut an occasional student ba allowed 
tx> a thesis in ^mu- these I'ields, ACAr accepts the consultants* view 
.i^Hiut tnr^Irunt vciu.ii van -ade eu academic grotjnds, n«t fur planning 

U is rv^^^K^iateiuiev! that the Tni versity of Taronto continue itti 
UwiMWl v.ork in elu^'trlc.il eiiiiineering arcotdinR to itb plans* 

caMdu ite u\}tk at t ue Vnivcrsity ot Torunto covers seven areas including 

V i;jir,«jaii Jt la^^i^ c on^puter^i , control ^ p^wer devices and sys^tems, solid state 
eict*! tonics^' wave si i<*m os» and {>iantedlral electronics. Thet covurafte of 
tht*^>e ih-Tii^ is Hnjre th:<n adequate and Toronto's *\star-studded'* faculty 
.^j.^. ,,pr,^i.i uvcT liu' ^,u>>/eu urea.s indicating significant breadth across th^ 
^h'p,irt-vnt . Ihe crrnsiil tantn conclude t5yjUJ:he Toronti.^ department compares 
l iv.^uraiuv with any ^^f t?ie uiaj^^r iiwrfTuLiifii; In North Amt^ricn. 



ki:, . »;*:ri»'nda t i^n C Jfi 



It is ^cr .i;:^:;cnd<%i that tijt^ tilivei^Ly ot VJaterluo continue iti> 
tl M Lt>ral wurk in <ie^'t r Icai en>;meerinfi according td it^t plans- 

J he : niVi^rstt V uf Waterit^u conceutrateH in five ma|or areas including 

cv^-puL**r-^ .ii\d ci^mmutca^:iox^st cantrol , systems and networks; dovicea, circuits 

and materials: power engineering; and, antennas and electromagaetlc 

.T./ L-j.-v-r i r:.*. }']i,r^' \ir&. tV(j ..^itiiir fi*-!d^^,. h icH.-nr ineerinu and wlectruacuuLitics^ 

and these fJttldH sJionid be limited In ni^e to the present level o£ activity. 

\<Uii Waterloo's highly coniputint faculty and vcll-equipped facilities, tliere 

ij.. .pustion thai the enri»lrunt level planned by Wcfterloo can be accomnmdated- 



rjtt?ro aru-^-* nmnbi*r of xi^rtvtal rue ommentl at ii:>ns and conumftttH mctUtv i th%? 
mi^Hiaait'cri trupiat^^ c:onHui tfints* fop<>rt that atv dlmod at the sy^itc^m 
a,^ : U >4 10 li* i : • Hccpntmctiiiat t an^ r t he iadiv : un i vers i t ias - f u 11 ou- tix it>:- ^ . . r r . ~ 
nurrc* v;i'_n<:*ra l-\??t.H*tioa. ' ; , / "■ ' \ 

inoniuin ica 1 cugimu'rs^ ; Thv>y bel ie /e no '*art if Iclal eUic t". isii ♦ jjecessary ta 

i Oiii i^* vl ^ijif niuub*-'r of :;i!hUjbiy i the cunt rar>% they $5^ggt;H L . the prf?M -?.nr ' ; 

wi;! 1 .^vt^ ijii*v .i>t; ^avai hihi lity .pf goo4 .stuUents.. ;Thii consultauts tUink 

tiiat t>«5l.irijj ml^ht; in f/^ct, h*ive a short agi^ ot mechanical enginettrs* * 

^'TraJi ciuiiaV c4a^s^t^f^'' verwu^ *\^)>pl ii^U" re.sear^h projects and a ^hUt in - 
vjuphasirr <>f :;tiulv riVtr ilie iit;jct pi\>btuinj:t attacked fay the coiisulltants* . ThiiV 
ft'cl thai Lht,* dactt^ral tHiuf\U laii i>f to4^y t^ihauW ^hift js^re towards praject 
tiai ^hf.si^uV 4c!;ivi tv, la this end^ t hey advocate increased dialogue aud 
.o?nv^n>rat ion wi tfi <^Mtsidt! igtmcies such as industry and gover?icient» if 
vv lo0k at the prohWmc^ bv fort? uH today in the fields of eni^rgy, transportation, 
or tiu^ anv,irpnffifc;nL^ It i:^ apparent, that, there ate ttany j^aps in the knowledge „ 
whUh HuotiJd h^ at tackled Byijtucniitically to provide the bajiic design data 
which itz t'HsciJiial tw> atlvance:s Xn i?nv;i nee ring and advances generally in 
ivcuuology tin the broad irunt'\ The caanaltants also reconaaend a change in 
V^'ipha.sis in iiultis of study* Some arua,^ oi research tlmt need to be dt;vcltip4?d 
art.' J Irttt'd^ iva page .A'^l.«i*_ 

rho con^jultants do not coniionc* departtnents that atteinpt to be good in all 
fli'JJ.s* Tlu'V spt*rla1 l;jat ion in the key and that "considerabiii selectivity 

is rcquirvti in tht* iiuiioc <>f a parti^-^ular area of concentrated effort*** This 
choi(-tr of arv*«.s oi concentration should be left up to the universities* ACAP 
4^rt'i-s vJth tUi^ tmtl4>;>k hut notiiisi that the initiatives of each departcmnt in 
»hU4rl4> art^ n:itit*rH lUr rolUuiive consideration and advice- ACAP advises 
thtv dispart monts to consider thi* coasai tant suggestions noted in the addendum 
and at^kr* tiiar they report on progress n^de after a year of mature consideration. 
ACier this Lime^ the Discipline Group* in its noEfnal roie^ would continue to * 
^iHiHider the tievelopment of new areas of graduate study and the possible entry 
iutu negli^rr.ted fields in mechanical cng:ineering in Ontario and would make 
rci'iirnntnuiat ior«s ii» ,V^\P where chan^t? is du^irable^ 

AihJ^thc r ^ri)hli'nj the tuechaiiicai un^inecrin^ oonsultanti> addressed wa,s tfie one 
c)t faculty age* Sfnce the Ontario universities have been through an expxmsionary 
;u'ritKl In iiu* siMtJ^'H, i large pn^portion of the faculty is beloii? 4> yearn old, 
canHrquently lacking; suriethin^ in maturity nml industrlcil eKperiento. The 
i i^nsttl t.nitii fct'l thai :ilthou^^h the ret irenents in the next several years vill 
be fcw^ the univer^^ities should take timse 0{>port uni tics to introduce new blood 
h%' appuintinr, f icul Ly witir indtisl rial experience* 

It is inportant that the f:f>nsu? t ant s ' report and the university and * 
distripUne grotip responses be read at the same tltne as this ACAP report. 



•■ It :i^^xtj:i:om^enaed\th4t-:^:a^ Mr>ti>^ti-r ami i^tieett Univvtbities .. 
V."je0?ltinu<?V their' dortiirui prui^raTruiH:*s"; In wHianirrU ■"engineer • ■ 
. iiut laM""tlf0 : i^miiftj ^y^•*^i'•''^^^ vtr'' V i ilera t i on ;t-d t;bi?- -f f^a^^ tbi J:^ ■;■ :t ; . t 
iVl a. .stronger develpp^'^^ ^T. f^^-i >>V Int orA^st iii tViu special are;i?^ ; \[ 
oi .streuRth^, su>!ge5itt4cl. ;i>v-. th<^ 'vousrI tai).t;;:s ^ -. I'^it- ■l-niversit ies. ^^^^ 

• ol \^ 7'> ^ on ih^ Jl:^^^ 

The ,Mt^<-hanLoal Knfiineeritvv ^'^"^^^Mi t;wts, .^^ in t{i<:'ir avidcncinnj^ .give . valuab It: ■ 

sugi^csiions .appear to he baj^itid on- i>uth planuiT5>V)V^^H,^nvis and gtovmds of ■ 

aoaJ<^mir qualli>% ■ but aliiiraal ivc: r</i^car*.'h f^-*^' i mavvnol; hevrnjcd out- 

Conseqtient ly 4 AC\P rt-coimuv'nds that t jie xUr^v^- .<liH torai pro^^rutiunes vonti^uo 
but that c»acM uI:iivi-^^^^^ v. o?!r<tjii taniH.^ cr^ri.u^^^nls and report on 

pragri?5H in a vea-r*s ti:ut^. 

It in recommtntdcd that ^ if the rnlvrf.sity s>f tataw.i vKshus to 
reactivate n dooloral pru?;ramru: in r-iuchanioa 1 t- nfu ntit*r il 
■ w Ci-^rof mI ronsidt^Tat Ion to alh^wtn^, hJotijo furthcir luaturiu^ oi 

the <IepartmeiU before appivinr. ij^praisaK 

The consultants, in their remarks ot>n<-erning ilu- Inivt^r^-itv oT utt-iva, 
page \-l7^ tkicovrnxmnd that the vurk in the Hetimuii'a! Kn^MUc'i.r ing Dc^partment 
bti inoorporatt'd in an interdi selpliitary prt^jravv-t- u-.iJV.^ to an undesi^^nated 
FhU de>^ree. Ar.AP notes thv univorHity ro.spon^?o, pa).:e r-I'*^ which states thai 
thi^v wish LD **react 1 vate" the .iootorai pro^^rainnR- ^ helore discussi<ui of this 
new propo^iai ^ ive do nut ai this t iniv.^ i^aKe a rt v immendat iun on the future 
form of engineering FhU work, at the rnlver-Jity of uttawa, There appt-ar to 
be na planninf^ reaj^onn why then^ Khoitlil not be a prov^rammt- at t^ttaw-a in 
mecbaniral en;;ineer ing, but tin- consultants !Ktve st^riun.s rvservatlonfi about 
the ^uitabilitv of a nnitil^er of tUu rci>earcfi pro|t.:ets of the departiiient and 
txhoiit the IlntiLc-d indu:ttrlal expfT) on.-e of its staff ::u:Ti:bers* 

It rocominenoed that t ;.e . Tn vvt-rs it v i:n-.»ri?u rOut inatt its d4n-toral 
nro^;ran:'U'i> in ::ief' iranii.al iMj^\in.:rr in.* hi il^i i)<parttncnt ut Mcchani<*al 
KnKiiieerinK afid tho I)tipart;ii*.»nL oi Atfrospoi-e Studie::; and Lnp,ineer ing. 
ALAP su^J^;ests that tfu i-niver'Uty f cnifriid^^r the c t)ii*ail tatiLs* ref^'.^nnnenda t iuA 
of a .groater oon«*i*nt rat ion of rr-':parr!i r^- 1 i vi t i es of Llie iH^parti-ent t*f 

Ka/,ineerin,: on riat<ir proMttrts oi national co?K*ern* It 
Yeoo^rionded th.it tiM- *"nivor:ntv infor^' ^^Ol' oni iH'i'S t hrouuli .\t:AI\ th.irin^v 
tiio t'.U) oT '-^1 Tiny (i.N, !<nis 



s 



In Vi\ { i -n .KM .\Ml.r;:;zt i*7n. Avalsu take Hwl « <fl WaL t>t' 1 m/ rvJSpi'UN* 



'-ix/': :^lfii*Att^;^^^ 

lias: st;rr.i.;-n ■ tluN.ACAr rcp^^ 11 dea I . with ..the ..rtS'vimpit^nUat ioriH fwnd^ ; . 

ii{ the U*t\:u\i\ i>rtntni.vut.in>; ..-onKul taulsV . rcpdrt . Ther<;? will b*^ no 

vi^t^ r KU'Wy". is> Wi^st i>.ni /;;itat;i^j ^^r \>ind;^or .:;ln^-e . these . twv; ;uni vcr^i t ius : 
wcro.ni*nU i^MUui in a pr^vipvis stvLion* It is Important that the caui^u It ant .s* 
rt^}nvr^ .:iuu the . uuivA»isiiv aiul tlisr ,ipi iiu^ >»rvuip rtf.sponsus bi^ rtfad at ihu 

It . is ftv^^mincndcd ,t{:.ii Lhc. univi^rslt ie^i taKv nutu of the confstil tants' 
. rvH-.M:uiicUsivit Ivns 1, /J: , ib and ..ic with tii*^. 

tvV ACAP any action rak%2u iu consoquence of tliese reonunend^^^ 

rhi\ tsi^usui t ajits { ind i t surpx*^isiii^ that there, is. su .1 ittl<^. effort in tUv , 
v;t\rai-:ir^^ ^ihi: i;ias>scj. tlt^U^ i>t study Kviin niorv striking ta them iii tixu ; 
.ab.s<.*:ict' of. any work in polyjiier^ in the Departments of hiatal lutfiy and Materials 
lau'tnt/eringv In titeir fir^t fiiw rocommcnUatlona » thijy Guni>ider it very 
iiuporianl tt;^ rtv.tifv Iht^st* augicc tod :iri>as and ACAP fuels this is a job for 
tho i)iti^*;ipi ii?^ ()rv?up. . Ihey ajso feeV It Is important to strenfith^^jn -alrvividy 
cxii^t inj' --^roas cit study and in partii^ul^r create at i^a«t ont» Inttirnat i^nia 11 y- 
knk>wn v-v-atro of mattfrials scietioe activity. 

tU'C_u;::r.icndatjujlt_ Ci2 

It is roA-^ommt^ndfcjd that McMastcr l-nivtiffiity contixiae its doctoral 
: pn^grans^iiis in malt?rials science aiui extractive met."!iurgyt and 

noting tlio strongtfa attributed to these programmes by tiuj consultants'^ 
maktv a. ropj^rt in the fall of 1975 on tliefol towing suggestions for 
improvomont t 

I. rucrui t:v^^'!t of .stadt^nt^j with p!iysics and chemistry 
{^ac.!ck;r*.»und:> 

h» .sL rouHlhoain^ ot t lie* tixtrac Live metallurgy faculty 

n aiHjrat ion with T<>rt.mt<; 

nutt^ri.ils sr ii»nce pro>:ramrio at McMaster is conniiier^d by thi: consul tantn 
f.o bi,' inc ho.^t pro^ramrri^^ of fhi.s kind in i)ntario and probably in.C«mada* It 
is (iu^ wMilv i?fov:rammo that cos/gtt^ adequately the ba^ic science related to 
All c' ^sses of luatt.rials including; pi>lyiners. The enrolment could be easily 
douhlL*d withcMit dt-vt'lopinr, l^^^' need for any slgnificaut i.'cre.ise in ref^ources 
.'iH traciul tn the pco>;ran^nts but fnr*rlnient, here, is li(iiif.ed as in Si> ?nanv 
t r: <^'r a!•♦•a^; ol ^.■n;j,ine»'r i n>;% by ^*he number oi qtialtfled studcnti^. 

ttit.' extractive n:etallurgy progranme, althau^'Ji a^t as tstron^ as the miiterials 
, s.i i^-a' t*. .'lu * pr<*vide.s Vtrrv b^uitaf^U- resonrch for tb.o dor tora J thenis. The 
r.uT ,M t tu' prov-ramne is, iu^weverV inadequate *but cooperation with other 

iri'^i'inl and vith the rnivemitv of Tnronio will >;rt'atly onha^.-c- 



erJc 



t;«niMil t aiit s anvi , t hjt t iu' iin i AOAP on aiiv acLioii *tai*t*Ti 

it. i s ri'< tnir.i^^^^^ M^.U:^Hn-L'u* >i Tnivvrsit y cuntlnue^ its dpci oral 

i n 1. :it r;u- i i vt« nn^i alvl ur>:v and miaut^v^ v-u^tuettrini; as it noW- cxi.vts 
^Oii; Cirplu^'v il by 'HI uirl a.r,4-M programmiv it^vulying prolt^^jyors 4n • 
..otii^^r dif parting ih the cDnstfitatitH* rupt>rt /: - 

now pri>t;rairjra^V.^^ t}u .apiir.iii^iul unil thfs should bti culnpltjt^»d bv 

"\wc^'u\ln^v i{^ -l'}7b.'i. lt Queen's docs not wish to imiarge it^ - • ; : 
■ pi>*vUMi:ii:Jc in ^;:-:iracliv'u riiiaaMiir^S' -mid ^mlnef itl eii^iiicer ing, ^ 
. . ptv.s«.»n,l |>ro|;tairaTii\ siunik! 'he |>ut forward ifitmed iat^*ty ;f or vipi>rvXi 
v t-a.sin^ now .students by .hmi; 30, 1975 if a fav^Ourablc. 

appraisal 1^ not *>liraiutMU 

ihv lont^ui I ant-; <oJ>siii<a* tho pra^;rairjiR- in physii-at^.m^^ <|iu;r-n'i;. 

i'v^.v.}, t r id{ t i/>iia1 LvjM ^■>l■ pr*>;*.rar.>ru\ taavJil Hy yoimg aiid talented fatMiU v. 
Xlth.Hi.^ii j.t Vi>u.Jd !;;ak.- a ^^ultahlt; i^.u^v vtq wfnVh tt> buitd a proji^ramine in 
: at i.; i.r'. ru ;m<.-c-r in,;, t hv- v-vmsaUt ant f; viu n^)t reoanirncnd that Quet*Ti*f> S4>» 

i iu [ir.\:r;r*;: ia f xt rac; t i vt* i ! i ar^'iv , a^u the other hand, is not Movell . . 

! . li Sfvn *;>v f iit* roa^ultafU-S tr» he UKuieqiiate in its prest^nt farm, 
witi: itui ?.;:jan a ran/t' '^J * .uirses, ii)o .n:niied an fimoant ui research 
art ivit*', an i hvvf t>*et ive interact luns with utiier dcpartft^int s and j>ro^;raHnHe.Sp 
f>ut 1 :u» *M>n^^ll{ 1 ant s fed it in necessary to stren/fthen and develop this field, 
tr^' pr>VtJ«* tiu' n(n*;it*ci rh;> )';radHares "and nuifhtnin Quccri^s part in a history 
1 tM'Ji-rs}ji p in ( juada in niineral enj;ineering, geology and related fields* 

. av <aiar,_i'*J ja oi;rar.::r:«- ..<t t raot ive nct^ta U ur^,y is envisaged by the eonj^ii 1 1 an t 
t ' ^ >'n^:i-a ^.*| :aa»|/^Mt 1 roi.i tin: i.U:pai linenLs ui 'let ci I lnr>^ical {;nji',inecr i.n^;, 
* 1 . -1 f • irm" n4M-r i iM'. ^ Miniiiv! ia)v. i i n^»' an<i c^MOogy* AOAF reaHxes tliaf. 
' -.•-.u-r-it • iiKi.a 1 i '^i ar i.d , bat it -"uist have same formal structure in 
o\\,l<r t-^ 1 var prv^i t.s!»ur>. awMre ijf.th<»?ir part in a e<jK>perat i ve 

•/i'!it*:r'' i-.id .■. 'itt tiit; rf» .^i^n 1 1 i < "a i*! {!jcar iic»partnieTit k far the effort 
v a . ;i i . • t'jjt ' vt»!it MTt' . 

:\t • ':?:r.t n-Lil i < -n ^" .5 

If i J f ' n:-:. ■« -Tnicd ? t t : ■ Vf-T M { I v ol i or Out o ronl i UMti i t s 

! »a 1 1 pr-Vr-a arvuu^-v iu i t lit-p-irt niWrnf af .'^/tallur^y anti Mafi:rials 
ii-at.* It is su.u.tjNt.t J !.i^«u, i\>t'4^urf ;'avti 4:art*ful f.oan l^k* rat i t>ri 
l ? ! I aia * t\:c u\Mu%:i\iLii i i-Uii rinwarnijm f^roadcn i n>:^ tht^ 

^>'/-/a'a- .-■(•Nf il is ! v-t t M/r-iMid<-d th.il I ht- Tn i*/tr rr: i, t V !*t:pt^rt ttf 

iir^-'.^nifAi al>S\V }>v S<a'ta "Juu% !'>> ,i nn any pro^^aa^s^.s made in this 
* I r * -v* t i . Mj, 



! ' r*.-- 'a a i-'h t rr i l >?.r <du<4t i- v^^a l-. ^j. v--itJ ^ l iVf 

t I 4n>.v . : M, !i:::it*-d: this i I L i%ai t »ju!d 



hi» iTl?p^o^**n^ throijKth rooporat i im yith Mi***^Asti*r * . .Tht-^>irnhsa 1 laht s ,f 1 this 

<m^UfitH ^inM. and. oxtniot !\h fat*tnHurgv and- tht*v advist^ thtv iml Vi>rsi t v to 

so* . ... • . ' • 

f,n nrfrii t ion to tWsi* who york in vxtrart ivu* Att^t.il lii^ tht'ri' rmothrr \ 
urntip (>t ■; {yr^ife:kHf^:rs^^ i rr lht^ "d>^p;^rt^t?TVt :witrV":;fs bhy>>"rtvf T- ^^^^^ ■ . . 

rsi tal IttTj^^v nnd i^at.i*ri /ils rt^stviroH. Thest^ p*^r*f>1cvWork ins with Arf<t*^l 

t-n>:inv< rin^i* . . ./^^ ' .'j. _ ■ ... _ .." . .■ . ■ . V... 

' Ht-mpirDvndat ion C \S . ■ ■ ' ' 

. ft is rt*coTOTi*ndt*d tHcit the I'niversity of VattTloo eontimu* its 
itncincH'T i U'^ tiortnrai work in extract jvN^ and nrncr5;s mi^tnHurgv 

; tsi i tfr ..plan??.* ■■ : ■ . . ■ , , ,. ... ■ , ■ ■ 



A\ati'.r too has no ,spt»eiMi' pro?r^mmt» in matiTi^ils anrf dovR not offi^r a !'hl> 
iahfllt*d as tn«>tal|t4rgfcal *^ngineering or amy al i it-d t i t*ld . ififjtoatl^ sttidcnts 
.ire trained in extract ive metal lurgy in the nepartment of Cheniral Kn^ineerin^ 
and there is a p.roiip of nietallurgiMt^ and mater^^l^? .orient jj^ts in the 
Mechanical Engineer ins departr^ent . The consultant*? felt their effort was 
of feurh high qualitv that If thlfi group were conf^tltuted as an admlnif^trative 
imit> thev wnuM ho rh*» «tron^.est and nost comprehensive graduate nropraTmne 
in nat tr i als . i*nginee.rlng- -in .tht* provinre.^. The. con5;ultants; recoiwtend. i;ett ing . 
an a .separate adninistrat i\*e strnctiire* However, the unit (all in one 
departnent) appears to function veil without 5K?parate administration and 
ACAl; douft not f*^el that mich a structure is imperative* l^^terloo will, 
fio doubts consider the consultants* f^uggestfon* 



\ 
\ 
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rhis" KCM-x hvn ^oi iht* :^t'AF r'npor r wil 1;^^^ found. 

in tlH' inUustri.ii i^nginvvring anU sy?^ 4efcflgn consuicants' report. 

It , vlll ^i.^ivntai^v,^^^^^^ the TniVErsiti^s .of Toronto an^ W;^tii?rioo * . 

AC^Vp. Hu^gest.s that the University of Wlnd^ior take careful noLe the , 

re«*pfHmt*nilat fjiadv in vt>i is. consul tan t s- r^|>art but at this ttam ACAP 

f^akv^s":^^ '?>p*?c it- iv- recoimnaniiat iuns on dociovjLl wo-rk : iu industr ial engineering " 

at . Wiii^sur s^^^^'l*^ is-^par-t--<> t- t?he~earjli«F iteconsnendat ion-^-iMl * . ■ - ■ - - — - 

i'htv, general recoTnnit^ndat ions in thin report echo many of tiiu>?e found in thta . 
earlier:- eon<iultant.^* xaporCsv These, consultants ^, est Iqi^ 
Nupplv and deiiuind cIo foi i4>w tiiorft* made by the .other ciQnHiiit^^^ and 
. art^ di->i:ase$cd more i:iiily in^"the siH:;und ^jart of tlvlB ACAi^ report^ .Related - 
lei, this i.s thc^ qv^ed to incrc^i He content in engineeritiR \ 

prok;r/iiiimc^s.i Rt- cuiameuJac ionii (M and C 3 refer specifically to thtjse ♦tro • 
.puint.s* 

■ . ^ ■ . . . ■ . .■ . . , ■ • 

MWV. ,nat\-^.s ti^at liav ^^Ol verr^i tie!> . v!o m>t. ^^onnider the e^tai^llshinent of . 

vi c'o-<)r*i i nat Ing coTOr^i'ttae ta be. very imput'Lant. We hupti that talks ate 

nurttuU Iv takin>: place between the three departments ahd that they will 

cont iniK'.. ACAP feiilii ther<i is no need to; set up a forn^al iUsciplint"- (Iroup 

to ensure* disctii^sion^ hut if those concerned wish to do so it can be arranged. 

A>;ain^ as In the other consui taati4 * ■ rc^ports ther^ is fieen to be a need to 
circulate information to the sttident concerning the various programmes in 
order to cn.sure ho .selects the programme bi'5;t suited to his objectives* 
This prableni has been addressed by Reconuiiendat ion C7* 

AC AP endorses tlic consul tants * recommendat Ions 6^7, 8#9 and II and does not 
wish n/ike any par ictilar comments on lliese recoinmendations • 

Rt*Cv Mmn4 «itd.it i on (^37 

It ts5 reconiBended that the University of -Toronto, continue its doctoral 
work in hunan factors en^dnecr in^\^ pianagement information systems and 
upe rat ions rcf^earch. 

in its. response to the conHuitaats^ report, the Unixrersity of Toronto seems 
in r.t^neral af;reenvnt with tlu* ri*i'an:niendat funs made concernin^j Its prcyraim:ie. 
At'AP tioti^s that ihv t>4^partmcnt has already made the nppolntnienl Kt^ggested in 
rt'4*i).n!:nonJviL i t)n i. 

Ar. iar a.-: future enrolmt^nt Is luncerned, ACAP suggtvst^ tl^e untvetslty continue 
to oxptn t approximately the ^arame enrelment as it now enjoys* In accordance 
ti?lth standard appraisal pracedures^ a sljilt in fields of specialization tp 
pro^^Tames in ht^altn systcnir^ and enerj^y systems wonld require referral tc the 
Apprais-^^ls TonimittCH' to deterrrtint' wheth^»r or not an appral.srJl is necessarv. 



A Tt'vii'w -.-ir thi- fitrv^Vricnt o.ju-vi.it ion?? wijiilJ he made at that timt*. ; 
Fur thi» }>rc\stnu* cunt i nucd. output ot i or 4 PUDs. a. ytaar should be 
ok'i)^^:! ini ; by tlu' univtirs i t y. i hls .should not be regardeci as a quota but ' 
rathivr as th*^ ota^^unn; u^" tlie present situation of fewer qualified 
studt'iUs .mdXai ling enroim^^ Vlt /Bhouid . be Tno ted that tHj^^^ U . 
ot Toronto f^aaintained^ ; jperc.eA^^^ 

enk invtiT lilg pr.oj^raOTie In cpmparii^ori vtd ath^ ertgitie^iring prpgr^iTnmes both ; , 
•in:thr t'niversiry of TuruQia and r>et.?here* 

■'lx :A^^_v^vx>:m<:vidcxi ih4.t„ tiit^ t^tvciTi^ity. of Waterloo c^^ 
• dv^-tTj-ral progTvimoivt in- jfiyKt^^ms. dtiBi'gn* ■ . ^ , ,, 

AOAP lakes not of tht? r4?spon:3^e of the University of Waterloo to thu - 
.couHui tmll :^' variouri . recommendations coni24?rning the Depattfeent^s Isolation, 

its *'50t t coutiMt' i'onleni and the quality of recent staff appointees. 

IVtspitv the possthillty that enrolnieats may increase in this field and 
vlt^spite thv rc*:nr»Mits frara thid University, Ai'AP! consider^ that Waterloo 
r^hquiwi Aviv<' t art«fii] attention, to tt;e consultants* recommendations for 
in nr,t h<.MVini^, tiu* progrannie boforc^ i reusing the enrolcient* 
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A-1 

RECOMMENDATIONS 



Thi? principal reconmcndatianB of tins consultants are as follows: 

of -Ontario.: r,;,:" . r 

; 1 . The 5ubij tont ial effort in extraiitirve (clieniical) metallurgy already 
exis^ng in some universities 

2. At lea^t orte of the existing prograiinaeB in ©aterialsf science be 
strengtlienod to ensure that' tlje re wiU remain in Ontario a materials 
st itnue activity of international stature. 

Wlierever viable prograiianes in TOetalturgical , cerainic or polytner 
engineering exist they be combined and augmented to develop strong 
programmes in inaterials engineering* 

3b. The proportion of the effort in inaterials engineering devoted 
to ceraniicti and glasses be increased* 

Ic. At least one materials engineering departtnent be established 
or expanded in an Ontario university to develop a strong prograimae in 
-polymeric materials Integrated, with a general materials engineering 
programme* 



We recommend tha^ : 

K The figures for anticipated demand in 1974-75 for PhQs in Ontario 
in ^mitiirtg, inetallurgy and materials* be at least double those given in 
Table 38 of the report of the Canadian Engineering Manpower Council, 
July IQ73» and the targets for the total PhD student population in these 
diBcipiine^ be adjusted accordingly. Most q( the necessary substantial 
int-re^iRe in the output of PhDs should be from departments with comprehen- 
sivo programmes in materials engineering or materials science or both, 

2. Efforts to recruit a larger proportion of the PhD students from 
tlio ^;r.*!duates of Canadian undergraduate prograimnes should be continued and 
inienHlfied* The stlpendf? paid Co Canadian graduate students are inadequate 
to attract a j^ufficient nuTRber and should be increased substantially. 

Wo rt^ronimend tiuit graduate progratmnes available to tjtudents catering 
-nKiii'rials Ht:iem:c and materials engineering from other undergraduate 
prograirrmes should be designed to jnake the transition as ineaningful as 
pc>9.sible^ and also to attract students into the subject area. (Jraduate 
programmvH should be examined with this objective in tnind* 



Ind i vidua 1 L'ni ve r s i 1 1^* s 



Mr? If H tor 

Wo rocotnnife'pd that tjio preeminent pos^loti in the iniitarlals 

scitm4:-y prog r amine at McMastet* yaivvrs^^^^ 
Hhaiild be <?.xp:andt?d and the efforts, of the. facuUy meinher 

fiodd students from iind progriiinines in physics and cheiaistry J./ 

.should Supported energetically. 

We reccxinmend that the prograxnine in extractive metallurgy vit McMai>ter 
Inivt'rHJty ht^ strengthened hy adding one faculty tnember and by iiicreasltig 
tin* participation of ap^propriate faculty na^tnhers frosi the^^ 
Oiu>mica| Engineering. Gailabornt ion with the xompienientary extractive 

gruup at tbe Vnivcrsity of Toronto should be continued and extended* 

■ • . . ■ ' 

iV^ rimt o ■ 

We recormend . that the outstanding programnie in extractive inetailurgy 
Al r^ftrnto be recognized and used as a base from which to develop a 
lar^U'r and broader programme in mineral engineering and extractive metal 1- 

.nray. ... . . . . . 

We recomtnend that a full-scale graduate programme in materials engin-- 
t erinj* be developed at the University of Toronto by the addition of 
faculty members in appropriate specializations to the Departiaent of 
MetnrTttfgy and Materials Science (which ahotiW change its nam0)» Coopi2 ra- 
tion with faculty njejubers in otlier engineering and science departments who 
iKive an interest in the application of materials should be developed and 
expanded . 

Kt'^ rt^t't^ninond that: ^ 

1. iho progrnnsnt' in extractive metallurgy be replaced by an enlarged 
rro^trjmmc in extractive tnetallurfty and mineral engineering developed jointly 
iv t:uMi5tv Tnotiibers frt^m the Departments of Metallurgical Engineering, 
tiit^nical Engineering. Mining Knglneerlng and Geology, 

J!» Vhb prograt^Rk' in pltysiral metallurgy be maintained. 



W.iterloj.) 

VU: rtcomiTiend that the Faculty of Engineering be urged to reexamine the 
jjrv>p<i*, { t ion th.tt siv^^c a<{ministrat i ve and organi^at lonnl structure he 
'UvcLt^^ou u* f\ivv colwrvnct' ami vi.sil>ility to a graduate programiDe in 
rvjtcrLil s iMigini-or i ng. 



\vV roi-tininitnivi that iUe gr,'iamite Wfurt bo dirucU'd f^wards Lhc develop-. 
:-umU- ci- .strung InttTdisi'iT'l imirv Xmtres rather Chan an exclusively matvr- ' 

■ . tvt;. ri^'c^mmenU. th^^^ efforts ol. the faculty nttjmb*irb v.f the pt/partwcnt 

>iJ . ni>juk>vr l:ng M.Ker w^^H wi th that of t lU' •. 

luvi s ioiirt <.vt St ructurcs and of EhRlnetjring Procciis Design should be en- 
.c.^tir.i^A'U and i>ypportt?d financially..' . . ■,. . 

Wf rvvi'ttimend th at more attention bo given to interuniveraity coopt^ratlon 
iji t iu rictillur^y and Maicriata field in OntaritV; such collaboration could 
t.4k£jju- fi ^rm of coord luglod course transfer, at thi' j'.r.iduatv level, of thf 
.»tsv ol a rv talk-ba ck network f«vr .graduate instruction and t>eininar.s^ ;ind u f 
thv sii:{n.*<l r<»nstruct ion .UKt operation of expensive rettearch faclUtie,'^. 



id 

ERIC 



TJio St uJy ^ruup ilitifc tvJ by Vhilip A. bipp reported in King Iron : 
A t^^X /^^^^ .^'^^^^^ iCducat ion In Out aria (DecemheV 1970) that tj|ev wrc 

^>^^>^rni?d oyer th^ rap i4 growth ^f^ i'^HU studies Ci^^ . t^i^gin!^ 
uf the l&^y ^raUuatt? st udent s <fcrirolii>d>; iti H69-7b more thiin 600 were: 
JiSv Lorn i candidates, Xhoy reci^mniendcd that the total nutnher of jiiueh 
i^t udttnt s; in thii? J^y^^U^ni not -eHce>*d; 450 hy „ tito . year 1973'-74 a4id remain a t 
thai riguro!^ uiuil update^ vit. the n Tho roconmi^nded di^?tribut ion 

»At ilk>; doctoral enrol nii^nti:^ is listed in. Tahlc l<i-4 on pagv 69 of the 
rcfiv^r t .;: For t^it? i^i^ uniwrsit ii^r^i of InturcMt in the present ^ > tudy ol 
ijH»t ^iU tirgy and ntiterials pn>grafnm0s> the f'ii0-enr0lai^nts in engine*?ring 
i>^r 7 3-74 r4?comiTiended uy tht* Uipp report aro. 390^ i/e» » Mc Master 45, 
<,tviec*:n*s 35^^ Toronto 165^ Waterloo 125, West^»rn 0^ Windsor^ 0. Tho rtiport 
i.K>os noi break doyn the figur*,^*^ to indicate the number to he enrnjletl in 
thv: different enjtiinieer ing disciplines, jCltMrly, the reooinr.tendat ion is 
"liMt fUiO pn^^ranTn^es related t<v fnateriais Wentern and Windsor should be 
i iirdi5ated along with otiier engineering prograintnes of these universities. 

!n triieir rovtpi^tise to tfje 1970 Lapp report the Coipnit tee of Ontariu 

ih>an > r^l {vngintH^rin^ (CUUi;) Hupported the reductian of the total ful l 

I Phil enrolment in thv j^ystem and accepted a level of 43^) a^; hcina 
fra -enable tor the year 1974-*7'>, liaving regard for the current utiUi'ral i*>n 
Ml !MU) i;raduater». Hovever, they tfld not accept the reconimendation that 
i*],>> pr.^gramsie.s be eliminated at biith Western and Windsor. They expressed 

tiiv* viev timt ti*e futuri^- v)f tiiebttj ^ as 4>t- ai 1" 1'hD progranitni^s- in- tiiv nyslvn*; 

>-ijiuild ht' deternined the basis of academie quality and demand, 

Louncii o£ Ontario Universities <GOU) felt that the L*app rep<ut ^ 
tfitl ti.'t fiilly doeviment the figures given tor individual universities in 
iaile H)-4 (pa^e 69) of the report^ not were they satisfied with the 
ti >^ns iuven for tfie elimination of certain doctoral programmes. dW .iprt*ed 
vilh i'OlU. atui (HHIS (i)ntario Council on Graduate Studle:;) tiiat attent i4>ti 
^w ti he r,ivi»n to the number of di^ctorai candidates hy disciplines js well ,is 

tKUversities, In tiieir report of October 1971^ written in rospon.st* 
l\.t^ P)7fl L'lpp report, the Council of i)ntariu Tnivtirsit ies reconiinertded that, 
irv the year 19?2*-7K doctoral cnroiment be reduced in each university helov 
' ;^ri^ U'f 1 rti f 1 i^;urr for 1471-^72 hy a pro rata percentage in ordi-r t o 
i'Tuvide bI2 dtictoral candidates^ (the nunjber required to ucUivw the t'*rp,et , 
M V io 1074*7')). rrelininary a^-ct^ptance of tht* ncciS method for redut-in^ 
{ u*' l'])b t»!iroi mi*n t <hy linuilng new entrants to PhU progranit?es to achit'Vt* a 
*,»f tl •^.stt-r: uun^hcr ^'f +^0 bv P?7'^-7'>l i^ h ise<^ nn plans ft^r di^t ivlirt* 

.r.-» ssn^*:U Tfspt'ct in^ IMiU proj;rarart':>^ t<* he initiaie^i £r:r:4;d lau J. 
.\r)ii ^ .>rpK'tvii as rapidly a*^ po^^sihle. Kuch asstssmc^nt f; wi H tu- carried ttut: 
»n it /u* in cot^pcrac ion with <It)pi!; tfjey are to inrurpnrate iMp:ii>l I if v ^ de4Ti*aTid^ 
.i.'j.r qti.f J i 1 t i^r relati*.s^ and ar** tu be used to {^rnvidt^ spec 1 f Ic rt^t* omnii^ndat iuu 
'V -^an/^t-s in ihv total. iMd> enrolnji'tit and the division of t!u- <*nr. > IrruMit an>o!i;.t 
i .*. jAivit - tl i .-^r ij- 1 i :i< Trn a.*-.*'.-: -^rfnt :» are i nt »>r »rat a J^v;c'«s <a 

flit taic»<-f.» the pro rata rt'ductfuns in l'>72-7i ancJ to rect^r^ruMid a ciiani 



w*irkca tnit by AUA? in cooperation wit {4 CODK^ in tt^^rmn ot uliicM engln^criHR 
avs. i;^! inc grv^up^ were o^tahlisheil. In March 1972 the COU approved thi- . 
pri^^'^'^iuYv-?, anJ tcxmiy oi' reior^^ncc whirh ACAP and CODi: Tccommtnuieil. 

"H^^^^^^ tu the. '^Metailur^ieal tngin^cr- _ • 

"inj^ VrlU^u ipliTici 'Alnmpi -By:. t U^ix . ti^riri^i. ufv. r^fereacti^.:. the .coo^iAiUanti?' w^rt*,: ^, , 
aj;ki'ii *t*i I ) ronnifii^r the material prei>.tred by the dlscipHne Rroup and the 
imivur^f i tivi^ anU obtain .otbt?r ilata t koy snay require to carry "put- the tati^k 
assl^ncid^'tc^ .thcnt^ ;2);.;r^jK>rt':uii, ttie, ^present -state;; t^f. . .\.; •,. 

doctoral wuirk in ^Mi^tat hirgiial CngiutreriuftV in the l^rovincie of Ontari^^v 
ill ^i^Mivr/il and in eacfi uhivc^rsXty wiivrv^^^^^^ niai^e t^eco^nrael1dat ion 

|4>T thv dcvt'loprnont -of doctoral work in tht^ f it?lda of this assesswntv in . 
<^tar io,-)?tJtv^t2n 1973 and^ 1^ Tho .tc^rn^s oi rt?fereiice are -sc^t; out in ... 
dw^Lail in Appendix 1> 

i:CTERrRETATlu:< or ^>t.i:rALli;RGICAL £?^Gly:EKKLNi ?^ 

/rraditionaiVy, twtallurRical tmjt;iaL^cring enccmpass^a two main branches, 
;t?xLractive metallurgy and physical mt^tal lurgy. While extractiv^^ mi?tallurgy 
has rvnviined a well-ai>fint-d discipline, physical nietaliurgy has merged into 
ti\t* growing engineering science con^^rned with the whole range of materials 
K>i interest to engineers. The?;e materials include fiietafs^ ceramics^ glasses, 
pol\ni3er-««, electronic material5^, cumpusites^ materials developed Hpeeiaiiy 
far their 0{>tical properties^ magnetic materials ♦ and others* In modern 
progratnnieH about materials, attention miy be focused on the basic science 
eommon to all sucli materials or upon the technqlogics and engineering 
application of one or more different types. 

li has been found ta be conveniunt to snhdivlilt* the study of oiigin4.*cr- 
ing materials into two part.s>, materials science^ and mater ials . engineering. 
*tiny departmentii in engineering schools carry one or both of the^e designa- 
tions in their title* ]4v will adopt the simple view that the activities of 
the faculty and students in thu department?; under consideraLion can be 
de-^crihed as eithtr oxtraclivv met .i U tirj^y^ materials engineering, or nuiterial 
.-Science. 

Tliert- arc in most univorsi t it^s, in addition^ profcHsors and sttidents 
wt^rklng tm materials^ scattered amongsl mi\ny dcpartinents of engineering and 
pu^-t^ science tacultics. They are to be found in departments of applied 
mathematics, physics, chemistry ^ environiiKMital science^ biulof»ical scicnccb, 
md a wiiole ran^fe* of earth and space KricMirc's* In addition^ tlierc are many 
en>!.im*ers ton<:t^rned .primarily with m/itcrlai s problems who are Wi>rking in 
dfjMrtmc-nrs of cnginei^r in^ iither th:m those dctu^nated .as materials depart- 
nents. All of thcso scit-ntit.ti^ and iMiginters c^n be dl^scrib4Hi as specialist's 
In a specified discipHne witit particular interests in material i>, in contrast 
with Hi ientistici and enj^iueers wt>rkin^^ in materials departments^ icho have a 



primary interest in ■material^; and a special irvtertist in the appiicatiun ' ' 

jiuiU riiiU^ in cu^iiU't riiiK* Whi .w£ interpTet v)ur term^> ol refer*^nc^ 
ti^ f!>t»an tlMt we slh^iiKi focu^s on inateriars ;depiirtnient3 and grimp35, ve have 
c;oa.sidL-rv*<i it nccessa take: account of the activi ti^is of many 

t at'i;l L V ..^nembe^rs' wur.ki^ .iissocIaLed f ields* 

. ^ . K xt r ac t iv..c me t al 1 ur^ y ixa a developed, because i?f t!ie udique natu^ of . 
tin" prfiresses and proJ?lcm^5 of the primary rfietalVpraducing industri^s^ v 
Wltilecmuch oi; the i'untent of ttie discipline i^^P^^i^ii^^^^ high Ceniperature r 
x^hvDi)^trv, ext tract iy^^^ one! a 1 lur gists are conc^ als<? with hydrometallurgy ^ 
|?rvbiomH uf . heat and mass flow^ and the ynit operations in systems of a - 
kind- familiar to cJu^mical .engineers. The nature- af the deveiaping 
n^'k^y IS buch influence raw materials available ^rid the skills arid 

I Initat ioTis i>f tnineral engineers who prepare this material for chemical \ 
esirav t ik^n. Thus^ it is important tliat extractive. metallurgists work in 
ass*'«v'i*itiiHt v/itii iiit^rganic chemists^ clieHiical engineers, and ipin^^ 
engineers. H is pr^haUly also important tiiat there be some connect Km 
iiidustriai vn^ineers and economists. 

Lxt ractive metal lur^ista^ mt^tal turgical engineers and physical 
rH tal hirgists are often found togetiier in the same department. HisturicaiJy , 
this assi>ciation was considered desirable because the physical metallurgist 
ua^» dealing with metals and alloys, many important properties of which are 
s^*n^^itive lo the chemical » tJiennal^ and mechanical history ot tlie materials, 
v;inlt^ the extractive metailur^ist and the metallurgical engineer were 
i'uncurned with an important phase of that history. In the early development 
oi steel the level and distribution of impurities remaining in the steeJ 
.liter "ih^ot" solidificatibh were" found to have a large effect on the 

t'i'ivmica i and physical properties of the steel after it had been fabricated* 
Whilst the importance of impurity levels and distributions is still a topic 

vital interest in relation to many engineering materials^ the materials 
scientists and the materials engineer have, in recent years^ concentrated 
their attention to a muc}^ greater extent on the struc ture^property relation- 
siif}>s» particularly ^^.s these are affected by solidification and thermo- 
r;e^'h:ir3c ial iahricat ion. The ties between the extractive and physical 
::t. tallur^ist have^ as a consequence, progressively weakened* Uecause extractive 
!^U't )1 liir>4ists have a special knowledge of tfie relevant high'-temperature 
i'htr.i^t ry ^ txmy i>:ive been v«^ry effective in research on hig!i--temperature 
t^xidation and tu^rrosion^ a subject of vital interest to physical metallurgists, 

'r^ *':t^MtIVf m*.-r;i n ur^;, i -t :^ iiavtr alst> maintained an interest in solidifica- 
ti(Tn, part ictil ;trly in st^^regat ion , a subject of equal interest t4) many 
,>ijy^. ir.il ?m»t a H ur^» i st r Howevt»r, there ,ire b*urpr Isin^^l y departments in 

shKh tfH'Nt* <*(.>mrMin interests have betui an efft»ctive cohesive force* Although 
I: i :y u-juj] L** 1 infi extract i vt» mcf.al I lir^i st ;issociat^'d with physical metali-- 

in vit-p.tr t mt- nt fnt-ta i. fur , there semt; t<t be no c<jmpt*iling reason 
t.tr prcterrini? this association over^ for example, tiie association of extractive 
'♦'t :il ]ijr^M-»t with ehemiral eni^inet^rs* U1>ile it wtnxid be possible to have an 

ra.t iv4« j;n»ta llor^iy j^^r^up without any connection with physical metall^irgy, 
i-; latin!} ^»«>t!Kl he uTuh*s' i r.ah 1 e , Hovt»ver^ it is feasible, and sometimes 

: f t- . ; : r . u:*..'.! e: !h,v i . :,.tr \ , tu iiave :3uuiui pliy.sieal nietaJlurgy, 



nvut^rials imgint'ering or materials science without any interaction with 

,;. .Tlu- import^nii* of prin^ity Indus trii^is in ttie ecoaqisy af (;anada . ;. 

nc^uis nu ^^m^haj^ls/ Ihete are string undt?rgraduaLe prograimes in extractive 
t:ivt>^liurgy in r<>ur tir l ive imivi»rsities in Caxvada and >a 
ill' if im'mHi% V>f ^^^^o TlVc total fort in Canada is , praportionateiy , . 

4ibst?ml::i4My' 4^ tluiv i^ the United St^ites,- the 

tlw difference in tiw re lat ivu importance of primry Indujjtrie in t hi? two 
countries* The Canadian midcrgraduatv programmej^ appear to iiave been 
" suc.cvHs.tul in supply inp. technologists supervisbts^ a^nd. managers . for . the : ^ 
e>^i r.ict ive indu^Jtri^i^V t)nly a f e^ university departments of metallurgy 
in -i Lji^ida havi^ deveiop<?d signif icant research prpgranmies tti. extract ive 
iMcialiiirgv an^, consequently, they have not graduated laany PhDs who have 
ruuud trmpioyment in the research and d^yelopcient sector of Canddi*in firas 
Wv^rUing on the extraction of nu^tal^ and alloyn- To some degree^ the 
i:an ulian mineral industries rely upon their own, research and- development 
calori. Tht^re ii^, however, a pronounced emphasis on siiprt-term research* 
i neexi for t!ie i:.cient if ic sophistication. e-Kpected of a PhD graduate 
anpcatrf tA> he yniall; fH*t this is a situation which is likely to change 
radicnlly in the next few years. Kconoisic survival will "dictate that a 
InMiAer pn>purtion of the industries^ resources be devoted to basic at> well 
as^ to short-^tcrm re^earcij* 

>!a L e r i a 1 K Sc 1 e n c e ♦ a conc^vt ^ has received much attentior, ,art icu- 
. larlv in the I'nited States^ during the last dozen years or so* The basic 
fact L!::^ that the science relating to individual classes of material's i.s, 
in largt* measfire, the ^amc' for each class of material. The nearer one 
v^v^ts to pure scit^nct?, the luore homogeneous the discipline becomes. The 
bAiiic material sciences are solid-*state physics ^d solid-state chemistry 
and these are obviously unified disciplines. In the past, physical 
fH^taUur^yi pliysiral ceramics, and physical polymeric science developed 
<|uitL- .separately because the extractive, thermal and isechanicai processing 
Were found to be of overriding importance in detenslaing the properties of 
tiK^ tinished prt%duct. Many ye^ars ago physical roetallurgists gave a lot of 
at lent ion to the dif ference in properties between Bessemer , and open^-hearth 
rTteeii-, Much ol the content of courses in engineering ceramics was 
r*»irceraed with the origins of ceramic materials and the effect of process- 
ia>; aptni tUem. Similar ly, the newer interest in polynier engineering has 
pceti cl<^m6nist rated by studies <if thr effects of various processing treatments 
iin the pr4>perties of the puj'/jners produced. Immediately after the second 
'vv.H'ii} war it was realized that a useful and intellectually ?,atlsfying 
undo rf^fc and Ing of the effects of various kinds uf processing upon the 
jropertitfs i^t materials in gL-neral <:ptild be i^btained by a study of the 
..it t.ii led St ructuren of the nateriais, as, tiiey are affected by processing?,, 
nnd the re I at itm.HlripH between ttiese strui'tures and the ptiyslcal propertlt's of 
interest 1 1> t{ie en^iiieer. Thu-i^ the central thetne of materials Hciv^^ce is 
the relationship between struc^ture and properties- It is this which provides 
the unificjtion of the ronstituent suhdisi-iplines* Structure is defined in 
r-.-i r t ( r:- t i.iK Iti.it' f m<: strucuu'e ^-U-^t r*>w i)i n.'>it ie.>, atuna^. arran^^^'^ 
rf-ent-i, suhrr^ J cro,sr<)j> i r arr;ingi*meiil h atinns, nu>Iecules and deletts, as wtH 



ni<rost:0{^.{«:./aQ^ The properti tjH int^ 

arc sv lccU-a by t hv imI^iiuhm^ t rem a v*^itiv\ rcingo of phytrJical . pTopcrt i c^^:..^ 
ihe JLst should include si ume prapv«rties uf pvHcntlal interest , althou);h 
t'iwy may not find widespread engineering application at tla* pre^euL 
t.nne^ . ^ . y ■ \:. , ;■ • ■ .r \\ ^ ^ ■ ■ V. ■■ ^ 

tnivinm^ient V . Stu^^ tlvie effects of th^ .etivirptimeut> particularly 
snrt*;ive degradas: ion v.f fect^t comprise , an important part of any sci<H:itif ic. 
stmly -Kyi: niatvrials^ d^^veJoped in an engiiieerin^ context. It is found 
I hat maity <>f the se plienomena can be understood by con5?idc ra t ioii of the 
ifUerrelat lonjibips betweML^n the structures of the. solid matari^il s and t lie 
environments in which they operate. It i^iM^i^ b^- argued that th^ subject 
ar^i.%is defined by taking the struct ure--p roper fey appir«:>a^:h are in fact: 
sii!)piy areas af phys;i«cs^nd chen.istry and that matei-ials sci^nc^ is an 
inlcrdlsciplinary study of mat<?rials. In larg<> measure this^ia true. 
There i^re, however, areai* of f>clenc^ of q^ntral importantie' td materials 
— «:-ierite which fit M between pUynics and cheiai^titry and which tend, therefore, 
to be of relatively little interest to the basic sciences^ or 

whicii are areas of physics In which the professional physicist has neither 
interest nor compi^tent^ Materials science is an applied science which 
^;raws out of the englm^ring experience • The phenomena of interest and 
ttn- pnihleEss dertiamjjfig^ttentian are .identified by this experience. 
AlthouKii H is atrapplied science, materials science is by definition a 
science and nut a technology. 

The graduates of VhT> programmes in iruiteria Is science aro employed 
4iniversities- .md by rest^arch laboratories- of government depart-iiients- 
and industries directly involved with the advancement of sophisticated 
eoKineerlng, ^^aferials scientists find the Bell Telephone Laboratories 
at Murray Hill, NVw Jersey, to be an ideal place In which to work, but 
they arL' not likely to he found in significant numbers in the technical 
department a cast iron foimdry. In Canada, secondary production indust- 
rials have been developing over the past few decades but they are not of the 
relative magnitude found in the United States or Kurope. Thus, at first 
sigfit. It seems tJiat the need for PhDs in materials science in Canada is 
sral K Tijere are in Canada, however, several expanding industries has4.»d 
upeti modern science-oriented technologies* AKCL and some of the govern- 
rr.* nt laboratories employ substantial numbers of roateriais scientists* 

rpins all i>f the work of the materials engineer 
ronrerned vith a specific fnaterials tecJmology. lic*ing a science, nvUeriaJs 
»/itM]< t' Is intc^riiat ional and clearly tiie materials engineer in i)ntario will 
l^trnet it trora t!ie tc^al htuiy (i{ knowledge in m.aterials science, irrespective 
t Ik' ti.af knowledge. There are , however , several reasons why 

.. .anaiiiai: universit ic.^A t^iiuuld participate i ul ly in the development of 
itjatt'rials rtcierur^*. The suhjiM.t ii» an essential component of the educathm 
in all eujL^incers who are to bv associated witii m/iterials* Cun^tcquent ly , il 
:?:at t-r i.i 1 science is t4> he taught at the undergraduate level, some members 
:t t h*^ farujt / naist ht- jv.att rials si'ientists doin^ researcl) in mati»rials 
; . s: 1.- ir i-e an f]pM«-d ^.c'iot)tf>, t f.ri-rilii;. a-^>4r.ne<l to 



by nhe niJtvrLals technulo^ist and otiRineer. Tiii? basi^i science which 
is i^iokinr>^ in ati uttyi nt intvre.st t-a materials enginin^rs in Canadian 
industry may not be the sacnc that identif ied by engineers in ather 
-tnitihtri^i;^ who arc resfpundin^ to a dlfferc^nt industrial eTiv-lronme^i^^ 
Hit- 4r^x tt' rials h>cienc^ hy iJariadian engineers may nQt get the 

ai.ti.Mit'tW i^" re'quife^ uialesH tht^ri- ii?"i?oinv" ^$appi?rt ior m 
in Cinaiiiis 

_ ^ _ ^ 

di*>5orlbvJ ai; muitidisciplinary*. 

kii«*KlvJ^,^« i>f d^^ matoriaK> ticience rnay be found in 

d U t^arent depajf tiiionts oi a uaiversityi^ Usually , it has been thought 
necet^sary td develop a coh^fent level by 

forming Homo ^ott of extr4-dep4rtniental organixatioti such a? a Materials 
Science Cent rti> in only a few universities in North Amerit:a ha^ it been 
pi^^$sihle to establlsij a graduate prograimne in materials science as a 
ir«LiJ.0?vdep«:irt^C'xiCa;J pri^gramjue and even where this !ias been achieved the 
a<* t ive ccoperat ion of prufe^JHors in departinqntH other tiian the materials 
dcpartnieiit is essential to the success of the prograitoe. At the other 
extreme* in some universities an extra-^departmental organiaatian for 
retsearch has' been e^^tahl ished without tfiere being an accompanying 
atadeniic prograisme in materials science* The faculty involved in the 
ri'search orj^anizat ii>n teach in their basic discipline and provide the basic 
-science courses for materials engineers- 

yKiterials Knginecrlng . dealn with Helving specif ic . problemf?*. These 
proMems usually contain many uncontrollable variables » Economic, social, 
psvchi>lugical and purely physical factors nay ail be important components, 
^•o uniquely Ci>rrect .solutions exist. Tiie objective is to optimize the 
synten or to provide a practical solution which is socially tolerable and 
eCiMiondcUty vlabKs The materials engineer must utilize the best avail- 
^ibie niateriaLs .science And his Solution musil be cOTtjpatible vith seientiflc 
uncit'rst.inding. in the patt, the jnateriain engineer U55unlly was concerned 
willt only one class ot T^iaterial. He was trained in tin? science and 
practice oi a sptn-ilic materials technology* The metal lurgist , who devoted 
his attentimi exclusively to problems associated with the rolling of steel 
saw no rea.:k.ni to be concerned with the extrusion of pol>Tiicrs^ nor did iie 
w<*c anv significant connect ion between the technolc^gy whicti was the basis 
r>i i\ky> conci^'tn and tliat of the polymer engineer. Although there are many 
1 ni t*rt«s t ing inu 1 ar it i es between tlie fahr Icat itm ntethods used to form 
tlifitL*ront classes, oi materials, even today the materials engineer in 
r.ittrivjls production industries sees little value in a t'cneral training 
ii t-ru>iia>^ixer^ t ht-^je ii'ii 1 ar it i t*s . It is usually stated that ^11 t!ie 
tirv and ^nti^rt availnt»lo i '"^ wed<*d to ma^^t/^r an understanding of t hi* 
r » ^'tsrv-Lno' -^f ri single ^ la.^^ r (^f irLiierial 

in the pa uiusi r.atcrials engineers h;2ve b^-en trained as metallurgists. 
^■■•**^'^ IV.' i .'^-^ ^ :.e- i : i t i / ! tiViiniKv. in "ri mU oi polymer cni;Lnccr'^ 

ir,i;. -.ittiatii^n e;<.Mif inues ta he sat i -;t actorv as far as the materials 



pro iu - invv i ndust r ies /i r IV rn^^ Hovevor , In thobt^ luJu^ in " 

whioh the matt'rlals,i'ngimH*r is. concerned with the use of materiais^ there 
is .1 >*,roviim rtMll;ratiim that the materials engineer aeeds to have 
knowledge in Homt^ dcpLh uf a wide variety of liiaterials* Wlif^reas fwcnty 
years a>;o VirCual .al I of: t;he^* materialH problems r<?iat / 
n>anufai'ture wt?re ccineeraed with irretai; now tl^ey also involve ?a varl of 
non^metafU^^ no ^^ngjiieer can be^ . , . 

tet'ian) U?gie<; of al I materials, an appreciation of the behavior i>f tingiueer-- 
irtji cnateriaiii tiystems has heeome an essential part of his.w^Jrk*. To me^^ . 
Caii^uld's Tut tire tteeds> muter la Is engineers trained to the PhD level will ■ 
li.ivV CO have a know led jje in depth af one class of raster ials and a working 
utidor>;taiiding of a range of relatx:^d engineering laateriaia^ . 

Recaj^nizini;" the need for a comprehensive materials engineer Irig prograimne 
iH>ih at the undergraduate and graduate level, in many of the universities 

in N\?rU! AniLiriea, eKistliig groups of faculty inembers In ceramics and 

ru*iailurgy have joined for the purpose of developing a unified programme 

ui riaierials engirieeringv At sonie universities, polymer engineers have been 

addod to ti)e department* 

Tht» interface between niaterials engineering and other forms of 
v-n^iineering is diffu^^e. So many problems? in mechanical engineering^ for 
t':.;ampK>^ are dependent upon the capabilities and limitations of existing 
rtnttTials that often tnechanical engineers find themselves devoting almost 
ail riieir attention to the materials. ThuH^ they become knowledgeable 
About the properties of a sinall class of materials* However, they usually 
rvnialn n:ec!ianical engineers with a special knowledge of a limited range of 
t-att-rials and ttiey should nut be confused with materials engineers. Converse 
1v, the materials enginei>r working on a materials problem in a si>eGific 
inechanical engineering environment may become familiar with an area of 
mt'i*hanlcs or fluid dynamics or some other part of mechanical engineering* 
iati-'Ctive interaction of this kind is essential if he is to be a successful 
natcrials engineer* iibwever, knowledge of a part of mechanical engineer- 
ini!; does not make him a mechanical engineer. Clearly^, it is important 
t?Mt uv nott* M)e numerous mat crlals-^related activities in the other areas 
of on^inetring* The training and education of engineers working in these 
ari.vis wt«ro nut a part of our study but we will comment upon these topics 
indirectly in this rt^port * 

The summary oi tn^?l itut iunal aims containt?d in tht? Report on Duct oral 
' ^ t t'dii^j-f in rkaa 1 liirgiiNi^ ami ♦'^ t aterials in the Province of 

ont_;jri_i)^ Appt ndi\ 2,1, Is a statement ot the present situation although it 
i-. ititendi-d to hf a l ivt.^-ycar prn|eL!tiun. As a result^ the graduate 
^ro.rr.immt^s det rit^ed In the report as rest^.irch programm^L^s are categorizt^d 
nvlor thf thr*-e principal subdisciplincs : extractive (chemical) metallurgy, 
v.wii'a 1 int-'t a 1 luridly , and m;iteriaii> ri'.sLiarciu T!ii.s description reficctri tlic- 
h;<5ri»rical dove* 1 nprncnt ot the departmotits^ but the fai-t tliat dt^partmcnt 
i-'iv}-. ^ iv. rht-ir -^tatrnont oi" futuri* plaus, civtided to use llieht* parliw.ular 
• .ifM : 'liv'.i ^. Tl.at tl.o'.' havo ne> itUonlie)!) <>f t-'ovhi^; toward-: a 



r»at eri.il s t^^ng Lnt*t«rlnK-pri)f',r-inwe vof- ihc kind, di^scribetl above., .Cptnpp . ' 

^i'^H'v^ miiierialH iiv(t'nc*j can b..' f aund under .the heaaings physical 
uietailwrsy'. and 'materials rostvirt-.h- . At McMaster tht? raugtf of auch 
co»ptmt.'nL' subjects and tlivir intf r-relationship is such that a. rea^onabl*? 

{»ro^^rannne in mat^rialii '^ci*ime^^ .is. a i^artic^i ,|5rugrananu in. 

materials sciunLc at Toronto, and no t'vid<?ncf of such pr^sgraranjes anywhei-c 

> ThV minsbt»T of ,stud«nti4 {ind post -dact*vra I. fellows in eaeh of . tht? : 
subjt'ct arvnis, now, class if l^ii arrordiiig ty.^thc -matutial, : are sunj^^ 
in Appendix 2.2^ The number of MSe and Phi) students in extractive 
(i-hcnjicai) mctailurgy is: ari^^^i^^^^^^ as that in al 1 of the othpr materials 
engineering and niateriaUs science areas put togetlier. this, of course, 
refiWas the great iapbrtance af extractive njetallurgy in trhe Canadian 
econumy. Amongst the njaterials engineering subjects, the importance 
attached to metals is overwhelming. The exiatence of a significant effort 
in electronic materials and composites shows an encouraging response to 
tht' lu'uds of dcvelupiuft Canadian industries based upon sophist icaced 
ticience- Dut of 91 graduate students the presence of only 5 involved with 
ceramics and siasses suggests surprising neglect of this rapidiy deveiqping 
and i!r,portaat matt-Tials area. However, the most striking fact to emerge 
from thcst.* returns is the complete absence of any effort in polymers. 
While we realise that this does not mean that no work on polymers will be 
tinJertaken in the next five years in tMtario universities, it does mean 
iliat all the work in this area will be carried out in departments of 
chenical engineering, chemist r>', mechanical engineering or elsewhere and 
not In nuiterials departments. The importance of polytneric materials as a 
einvstiiuent major area of materials engineering need hardly be emphasized, 
riif part icular contribution that can be.st be made by a materials department 
i >: in t he elucidation and control of structure-property relationships. 



We recomnerid that , relating to doctoral prograrames in the Province of 
cHi l <i. r iu , 

' • The >4uhstantXal effort lit oaractlvc (chemical) metallurgy alre ady 

i'.y i st iti)', in sonc univcrsi 1 5 e.-i in i)ntario be further strengthened. 

. A t I e i t_ unc o{ t he s>t i n^i prt>^raTiiwes in materials science" he 

t r I • jn^ i 1 . -ned to ensure tl ut t tlu-re. will rt'main in Ontario a materlais sclent e 
■ ' ' ^ '-^y. i "t t-r n at i«mal st at urt- . 

ia. Will iri-tver viable projj^raraiK .s in n< t-.il lucRi cal » ceraTnif or polymtfr 
t n^i neori nj; cKist thty be ■ oinhined and augmea ied dev>; lop strong programmes 
in ;':.it iTi.ii.s «'nr ineer ing. 



The pr i?iv>rt i on V>i t lu- i f f art J i v maivr ial s cnj^lnoerlnfi licvated 
ti^ iv^ ratirlcs and glasses by tncri^iseJ * 

k * At l>MSt one materials i^ngincH^rin^ d<>partment fa establlstaHi 
' i ^^>'P;^ nikni in an i^tario tiniversil y tu dcv^^iop a .strong jiruaramnic in 
p\>l v nii!rX^^^ a ^general:; itiate rials :onginec ring . : - r: 

pro ^rainn ie . . . 



THK Sri^rKY i ^F ; AND TilK'liF^L^^ M\NFUWER : 

jf! VahlV of Rjn^ af I ron ^ it shpmi that, of persons holding 
do> torai degrees in 1%7^ 35. 7Z were employed in research^ 26^3% in teaciUn^, 
Aiu\ Jn.ty^ ' in manaj^e^Dent • It was assumed that the major denu^nd for PhJ)*- in 
enUinoering vouldvhij in resc^reh and teaching*. Unlng a model which assuinet! 
a sT^all , and gradua} . expansion in the undergradxiate enrulment^ a constant 
rat between ilie nam}>er of academic staft' and imderRraduatt^ and graduate 
sttitients, and an attrition rate oC 3*4Z for the Province a whole^ it 
vas est inuited that, on the average^ the denumd for additional faculty in 
t'nv;incering winild be alH>uL 62 per year throughout the decade 1970-~1980. A 
turtht-r assumption is made Lhat *'<)ver the present decade researcli aetivitit*s 
j»rt>hah{v will remain relatively static^ and therefore the demnd for ri'seanli 
tMH'Jneers wiU c<nis ist almost entirely of the need for replenishment to make 
UP fi>r vvArly attrition^*. Then, making, furtlier allowance for. the emiuratii^n 
.^f PhDs out of the Province^ it was estimated that the total number of new 
J'hDs required per year will be J25* Ko attempt was made to estimate the 
nuritier i/^f PhOs required in individual engineering disciplines* A inore 
ihtailcd analysis t>f manpowi^r rt^quireiTients^ entitled Sapply and Denrand for 
^ niyi neer I ng Poet o r at e ^^^^ in Cauad a^ was published in 1973 by the Canadian 
irnni neerinj^? Manpower Council (Chilli, 197 3>* A model similar to that in the 
P*;o Lapp report was used to estimate the demand from universities and a 
-firvt»v was made to est intate the Industrial demand* The 1971 Cli^C report 
r^nirhuh'd that *\nie ciinnot reiulily dismiss the conclusion that there will he 

ovi^rsupplv i>f eiu^^lnerr ini; Phlis in the decade afiead". i)n certain assuinptiuns 
'hlu^ dilference amounts to -42 ThDs in i974, 23 in 1975 and 87 in 1978. A^aiu^ 
fhtLSt^ ditferenres are not causes (ur alarm but they do suggest tlvit some 
V tui i i inient t>f engxnecrini^ do<:tt>ral enrolments Is justified if thv graduates 
art' to be utiiized to Lht- jruixinun posslhK* eKteni of their trainln^y** 
TlirtTti/jrotit htit!* rc^port.-.' t/iure Is the implied ecnu-ern for tiie useiuinesf; of 
:'hr)-< ill indtistrv. 

MJ!r report oi July il*7i presents a vrrv ditti*r*ent picturo inm 
't'.a iu it^ predeves-rt^r ♦ the K i n^, oi^^lton^ concerning?: the demand for enftinei^r- 
irtil f'iJi^s in the universities. On paj«t^ 12'> it is concluded that *Vedu ct Inns 
T Mt 'K r tli.in .idditions in staff** will bv- re'{uirc'd up to 1980--81 al t hnii^fi t })e 
»M tor m! ;.r i<M> i'lHilt! ho :ir \:\r\\t' the projeotod decrensi.» amonntin^^ 



tu. lw)..tjr 10;: ,in 10 y.ears. this 'is5 nat.abiy different from the cn^nclu^ion- • 
in ilW Hing i^l ir"un » |Mkv 34^ *Ulu?rt*l'ure tht.» ijeinand ^or.. teachers educated 
as i*ngini**>rs in ihitarin imlverbiLieH wan asisufiiud to be (?0 PhDs a year over 
thv next decade*'* Neither pr«,>jectiun xarrK>d any degree of credibility 
sinire inajur changes in tlit? pattern With ci marked rit^e in tin? 

i<?gt<s uf AppUcd Arts ari^ already tiiking place* . . , . 

In general it appears that the 19 CEHC report has been cun^pi led 
with a str<>ng bias against inerisaiiing th^ nutaber of engineering \ doc turates 
being produc4*d wliereaH the evidence given belew i?iuggest£i th^t tl^ sips^t^ ^ 
important ciiange taking place i^; an increase In the demand fur diictorateia 
in. vlie.inical., ii^etal lurgical and niechanical engineers^, and materialti applied, 
loaoe « ■ ■■ - ■ - • - ■ ■ ■ ■ ■ . ^ ' 

There are several difficulties in making a fair assessment f r oin pdst 
sLati.iLiCH. PhD degracis in metallurgical engineering have been offered 
Miily in recent years by Canadian universities* Those now practicing in 
tius ,1-teld very often K^^^ doctorates in chemical^ 

nechanical or civil engineetingt Moreover, those who have taken an engineer- 
ing degree at the. bachelor or master 's^ level have in many ca^en taken 
their materials .science degree from a Jicience department. It follows tiiat 
there are practicing engineers, qualified in metallurgy and materials 
s^ ience^ whose PhD was not granted by an engineering departisent, Also^ 
those who received their degree?* inany years ago are likely to havi: earned 
it in mechanical, civil or chemieal engineering. This same practice 
continues in one major university in Ontario^ namely Waterloo^ where .lO 
dt>cti?ral decree in metallurgical engineering, either extractive or 
phyrfirai/ is given ♦ Those qualified in these inrtallurgicar diBciplineti" 
ntre tiicrefore apt to be clasj^ed as n^chanical or chetnical englneern, 

laformation given for Atomic Energy of Canada Limited (AECL) in 
Tablt-H I and 2 of Appendix 3 nuy be used as a starting point for assessing 
<'hanc;es in demand* Perhaps the mo^^t striking feature is that., in the last 
fivf voars^ the number of engineering PhDs has risen to match those in tlie 
physical sc iences. Moreover ^ mechanical ^ chemical and metallurgical 
en^iineering are tire fieldn carrying most of the increase* From Table 1, 
App^'udix 5^ it would appear ttiat the total Htock of engineering PliDs i^i 90 
mul tijat 1^)3 y be conipared with the figure of 52 quoted in Footnote 1 to 
iahlt> of the 1973 Cl^tC report. Even 90 is deceptively low because, 
!r.'n» tite ni::r two coluiTins^ it; will be seen thai tiiere are 20 mure with Phi's 
in tiie field of metallurgy and materials science* Combining metallurgy and 
t r i/il s hv.Li^ncv with t^'n^ineerinK would make tlie total 110, to be compared 
villi 1^*4 in tike plivsical sciences, and for the last five years the nutnber 
v.'ulti he 62 ci>npati.-J with only M in the pUvsi^ al srliMves. 

Table 2 illustrates another point tliat it is mure t-iistomary for Thl^s 
li> join the staff of AFXT ..ifter spending tme or two yearn u!i a pt>sL--ducLoral 
tellowsfiip. The nni?iber . uf those with 1972 and . 1973 degrees is therefore 
sti!} ^*nf i i'* int 1 i nrr<»;ts ini; . !.'^^»Vin^; -it (he nufnlM^rs bv vi^ar i^i appoint ntt-nl 
fr k.li'.it t!*it ::/.'if wrv i 1 J t ».) t>c appuintLii it) {^o" i. Kct liming to 



A-i4 



t ho t:F^f(; report , Tab 1 e 57 ^ pag^ 1 59 , in^ Icates a Federal Government detnand • 
of 30 3 in 1974, 35 ^ l^t 1975v and 25 ft irt 1978. Y^t thes?^ f igures are 
vt^rv close to those ^?lvi?n In table 46, excluding; AECL. Since AEGL'^ 
l^J73 Htot-k, just discussed, ii* 90 to liO, ±t would seem that an Increase 

of 8. tp iU :p*?r. y^^r sliuuld >c inadi^ Tahlc 57, /. it is 

Uiff icult tu UHcape tlie suspicion that the projected <iemand^ in Table 

S7v in athi?r-v*st?ctors im^^ alno be-Jow.-: Although the. larges^t increase li?^ . - .. 

sh<^vn in industry, it si*<?ms p^issible tliat this may not have taken into 

aciu>unt other iiDportant dhangt^^ in Ontario. Although AECL is iargtily 

ccinc.etrned with nuel^^^^ pow^r »■ tijti' ' inain inerea f ield. 

dot?s not tie in AECL t>ut in Ontario Hydto^ Horep^ 

tiiidi^rtakch a ^^^^m^ 

which re.cruitment of conipetcnt operating chemical engineers Is active 
and projected ti> increase. This is lit addition to the increases, 
forecast by Ontario Hydro^ arising from the transition to thermal genera- 
t iuR stations iind their much greater capacity tha)^ the establislied hydro- 
i^Iectric stations/ Other major industrial incireases forecast in Ontario 
are in ,i3Lefcil inaiiufacture^^^a^ &oth these may be : 

expected to have demands for PhDs in ciieiriical, metallurgical and meciiaalcal 
e n>;i nee ring. 

Another major objection may be raised against the CEMC report on pages 
134-135 where it is suggested that the d^Jiand for doctorates will be negli^ 
gible in the educational institutions other than universities. Even the 
. stateinent concerning primary and secondary school teachers is somewhat 
nlsleading since, if taken in proportion to the population, the 62 teachers 
quoted represent 1.4a of the doctotatv^ in the major field of university 
education. 

In supsiuiry^ we conclude that the estimate of the annual deroand for PhD 
i;raduatef; in mining-metallur^y-materials science in the Canadian Kngineetihg 
5Linp;:wer Council report of July 1973 Is tnuch too ^mal 1 , The demnd for 
anldttlte^? o( Phi) programitTes in materials engineering and materials science 
jhn u^ nay veil prove to be twice as large as the numhers^piven in Table 38 
* ' f ^J.^^" report. The demand for PhD graduates in extractive metallurgy ma\% 
<ni^ the oth er tiandy increase nu>ri» slowly . Kven if all the students at present 
e u rojl ed In rhl) prog r ammevS in uni ver.sit ies 1 n Ontario took eiBployment in 
t in L ar !( ^ tm ^raduat ion t he suppl y of materials t-ngl n ^'ers and matc^rlais 
'* ^* n ti >t ': wvu ilJ f al I far simr ? o f meeting _t h i s_ demands 

the prct^ejit ^ the nurnbt-r of Phbs p,raduating in niatcrial disc i pi ims 
lri<i] uni Vt'tsi 1 it^s in iUitarii* who took employment in the f^rcjvincc h*Ai; bceti a 
siTiall traction of the PiiDs in these disctpUnes needed in the Proviiice, 
liiert* t>as l^een a I:ir>;e iri^M^rt^H ion of ThDs from foreign countries^ particular- 

1 : !!ilr.^.! :'i I'iJund^ U^v t-::ar?iplc^ that* t>f the tacallv n.eiohc/r-. 



rtu rt4r.t«ul to the A{t:j>arcr.u-nts of jr^^t a lUu'gy .iutVin^ tt^ri.il.s sr ivnct^ at - . 

:k\H4r^ l*niYi*r^?ity» the r'nlvvr.stty 4U Toronto and (^nieen^t* l^niversUy 

iH^vr ^iitv last . ten vcatii^. euly 7 out of recviv<.Hl. thair FbU deftrce^s 

ill A>ntw4rii>v. SiniMarly, for Atotni<- Energy *if Canada Limited, . I hif o^ajor 

^-np Ujyer : in ih>cari4> iTf iH^^ aild mater ia|jb5 Hcit?ni;cs^- b^^ 

pUitl and 197 3* -14 persL)Uis with iUiDs iu materi scleitce aiid unginocring . 

werH^-4vi red . . /^ht^ lour; k^i- theip -receiye^ tii^^ir I^HDs in Ifiitario . ■ Klglit .of 

ihe- 14; reciiived tht^ir JiH't«?nlte either . the I'nited^K sojne othfc?r 

fi>reijj|;n vvumtry. Maiiy of ^t^nior^poHitlonH in industrial re.j>earch and 

devel upinent V^iu^rto iirdu^ trie ?4,;jre held t^y Immigrant^ f f jihv Uniii^d 

-Kin^dunu Itl the past ten years thi^re has be^n a substantial importatloil 

Phi>< rrvtin the l*ri^ into the metallucgicai indu^t^^ of 

Canada. Thore is little reason to believe that this rate of influx ^Ui 
dorreaso tjubstarttially* linplpyers of British origin appear to have a 
prelefem^.- l\>r >;raduates of Britivsh universities^ The situation is the 
f^a^ne in tiie a^t iyer si tii? where a substantial pr 

tnemberrf in the deparinients of Tnctallutgy and materials 5?cience received 
thoir rhU training in .the L^iiited Kingdom* In a «few places we .even . 
lu^ard t lie view expressed th hire faculty jn^iBbiixs from the graduates 

itf proj^ranmie.s in other vJntario universities would produce inbreeding of 
an undesirable kind* It is our view that the graduates of PhD programipes 
in firiti»h universities today do nut have an educatiunal experience that 
i^ superior to that available in the depa rt men ts of metallurgy and materials 
M-it-nco of universities in Ontario, nor do they have special knowledge 
lU" ills which cannot by found in Canada* Thus, the l^i^go importation 
t \i t ^'t'L'fign Phlis can be justified imly to tiie extent tiiat the output of PhP s 
m^m cTmadlan universitli^ fa^ ^^^P^f^ , 9!^ the demand . 

In the past, many PhD graduatt^s of universities in tJntarlo have moved 
other parts of Canada or to a foreign country, particularly the 
J futed States. Fron) 1968 to 1^72, there had been 45 PhDs in metallurgy 
and materials science awarcied in tiie Pr^^vince and there are 40 students 
i^nrnlfed in PhD courses in materials at the present time (Appendix 4), 
iH: iUc graduates, ;!9 had remained in Canada^ most of Lhem in the Province 
in\ 4^atario- In tfuv CMMC 1973 report it is pointed out that Ontario has 
heeii providini* ^y^y to AO"" of the total doniest Ir supply of engineering Phl)5> 
and thi:; proportion is expected to increase over the. next decade into the 
7^C r.iij^c. the movetirimt of Phlhi from Ontario int^^ other parts of Canada 
is i^v])ecte<i rcj itiutinue, hut the emli^ration to the United States is not* 
y.iv.y i.in.idivin studt^nls ve talked lo expre^ssed a stcoOK desire to work in 
^'HrLid:i and prefera!>I%' in nntario. Recent changes in the imsiigrat ion laws 

t HO Tnited rotates have made it extremely difficult ft>r Canadiiin graduates 
r • r:*jvo arros*; ! ho border into Juorative entph^>m-nL. Althou^^t) the nileration 
t.' tl.i y:)iti\] States is not liktlv tt> ti x ^appear , it will fortainly diminish 
f.u t ;ti- lulurc* On balance^ the proportion of jijraduatON of PhD pro^jraramos in 
*;:t?or{,iK vvh.o stay in nntarit* U; not iikciy to ohanj»o si^»n i lic^ant 1 v over the 
iu :%i i ivt' vt'ars. Thus, (hi- shnrlai;e hi i)ntari<t will be Itirliier apjtravated 
h^' t iu ^*xpOt:Lod s^raf i»>n <if a!»out a third ttf iht: j^raduatc-s t^i other parts 



An :iHsunipiivm explicitly stated in the Rjng of 'Xrun » .1.970 ami 
j:--^Y[,^j jn'- tiu* n'f:MC 1 9" 5 rt^i<>rt ; wlt1i;A^^hii^!r w is that the 

IMin dt^gU'e is lin^ittni unefulneHs in an industrial Hityaiiun. It 

arfttUHi that ht^ouiHi* a maHtcr^sr degree 1h much more uhcIuI* ri.*i*utii i> s 
.uid i»f r^^rtH shoutd hi? concent rat J on Improving the qual ity af mastt*r\s 
iiov^rv^'?^ and inrrea^^ tliv number, of ^^raduate« f rii^ su^ ; 
rilc ar^tirnvJ^^^^ arc stati>a clt?arly in Hing of Iran , 1970^ : it In puinud 
ou V I ci' ^V-" ^ K ^ ^ ■ clone' to 60^ ^ r t He \ englrieei^s wit if mat* t Vfr * i> ■ U vgr - 
^irtv in jiivinagc*nk»nt, dvsign^ anti deveioptpent^ It is stated that witU 
*Vanada*s m*>Vi^ int4^ tUo piKsf- industrial era tivere should bt* an incr€^i4i^ini4 
l,rv)W inij^i^ the- SQTvicQ sector and ' ttii:5 'itnpi;ie^: a d^ 

spvu'ialtv skUlH to satij^fy the^Vide A^rloty Hv tltesc 
^kn.wU'djji'' lndtiHtTX43s> in the future^ more Can^^ 

uirced tL5 inij?i3L on a master ^9 degree for <:ertain specialized ^kiiiii/' . 
UluMi viewed in a different way, however, the 3tat 1st ics in TaWe 9-3 oi 
Rin^ Irony 1970 show that, with regard to positions in Indu^ttrial 
research and tnanagem^^^ the l*hD in industry has ap 85.^ chance of reaching 
tiK^se cate);pries comp<ired with a 58Z chance far a person with a master *n 
di^'greey it is our lHvli4;;f . that ^ a$ Canadian industry becpirres ^nore 
,sophi?itlcated and has to re !y upon more advanced technologies, it will 
h:iw to learn how to fully utilize the talents and skills of PhD graduates, 
ami the universities will have to learn how to develop PhD progranrnjes 
\<hivU p!\Hiuce Imaginative engineerH capable of responding to theae new 
opportunities* It Is interesting that in Ring of Iron , 1970/ attention 
is drawn to the importance of the specialized knowledge of niaster^s 
^rlduatc^s, Part of the existing problem seems to he tliat the PhD programmes 
ill univ^^rsi ties in Ontario rely heavily upon the thesis so that the graduate 
K'i- tiivi>t' programmes t^nd to have a deep .knowledge of only a HTnall f ieldt 
Industry evidently employs PhDs only when it needs this particular knowledge 
this problem will be discussed furtfier when we consider tlie quality of the 
tniucational experience* 

(Ha-stionii of supply and demand of PliI) graduates in metallurgy and 
mat or la ! science are elotided by the intangible problems associated with 
^^^ttidonts iion-^Western origin, by which is usually meant Asian students. 
These r^tudents are probably best identified by the country in wfilch they 
rercive their first degree. The Information is summarized in Appendix 3, 
Table K Data are Riven fur both ma^^ter's and PhD degree candidates 
because most of the students registered fi>r a master^s degree go on to the 
thh* Tlio numhi^r tif sttidents registered fiir the master's debtee in all the 
ilepartments in cmtari** Ikis varied little aver tiie last five vear^s from 
>') =-.t-adx.fnt.s in 1968-69 to 40 students in 1972-73. Moreover, the nu.^bi»r of 
VUI.J students is about the saxijc, being 51? in l%8--6^ and in 1^72-73. The 
;^i-m nt ar.r» wluT received their hac!K*Ic?r*s di^rT^H^^ from a Canadian univi r^iiy 
ir r-u-d t r-n ' in l^^hH-H9 to in \^f7l-72 tor tho^7e registered tt)r t h*- 

nat^tK^rV- d^rX^^^u and from 5nr in l%«-69 tu 31^ in 1^171-72 for those 
resist efi^'d t\n' tin rhh. -Last aradi^mic year tlie pere^-nf a^^' master *s 
randid itt wit!) tirr»t de^xrees from Canadian universities juinptMl abruptly 
rrv>?!» 'Vr TO 48 \ rhis pro!>ahly ref leeti.*d tht- increased difficulty whii h 
; . n i;::: : i iiil^'ui ' have v^>rpor ien«:vd nhlnlulwr, *.ut>port fnr tht^ir ;:ra(iiiato 
v.^rk ^ and tin ^nceti^s of .;i^;;rtv>sive eampaiH^^'^ hv a few department ^^ to 
rt^ruit ( a:ja<H audent^* Tla- peroi^nt ap^e of Canadian first deiTet^-; anuaivist 



Phii. cutidlUatus vomu inupcl. tt^. df c 1 iiu% rc.a'hinpr its lowest isropprtit^n , (25%) 
Luwara:, tUi' tmd oi la.st ytuir . the FiiU t,tutlf uts * the prop^^rt Um 

with hat'helor's ik^jijretf.H irotn A--*i 4n minivers i ties increased remarkably 
over tht! last i iwt,- vears» bcin^; 18% In 19b8-b9 and 322 in 1972-71. 

. . . In- iht^ri^H t f c-wV'y tars , nx'st . -though not all , 'of the Asian;.. stutk'"t«"v •' ■ 
hav.c.iUad landtHi. Inunigrojii receive yupt'Oft^ tlv^^^^ . 

N^t {coal Rcjiearch Council Cellowshlps after xotnpletlon of t^^lr first 
yv^ir ot' study* Many of th^©. arc i}upporte4 also during this first year 
froia otlier yourvea, the dr^'i'tatic- decrease last year^^ i proportion. . • 

of -studentii witli Asidn degrees in the ffiaster ' s pppulatiou wll 1 be^ ref lected 
in. thv, statistic;& -for the PhO population in two to three years . It is 
reconhlzed in UieCEMC, 197 3 report that graduates of Asian origin have : . 
dit f Iculry In otftainine eaployment of a kind which utilizes their education- 
al U-vel ixi Canadian industry. In our talks vith many of these Asian - 
students we were left with no doubt that they all find extreme difficulty 
In obtaining suitable employment. From several people wo heard stories 
of tike ir making as many as a hundred /applications for jobs without 
fvce ivitig a single invitation to an; interview. Tlie conclusion that tin* 
research and development sectors of Canadian industry have a strong pre- 
judice against employing Canadian PhD graduates of Asian origin is inescap- 
able. Even in the last year or two, when the job situation has been- 
difticult in all fields of engineering, Canadian industry, unable tp fill 
its vacancies with Canadian graduates of Canadian origin* has preferred to 
import graduates from British or Australian universities rather than employ 
Canadians of Asian* origin. Setting aside the social and moral implications 
of the situation, as a practical matter it seems unwise for departments of 
metallurgy and materials science in Ontario to continue to recruit a large 
proportiiMi of their Phi) student population from Asian universities. Tlie 
vt^ry rocent increase in the proportion of Canadian students in master *s 
prognnames (Appendix 4, Form 7) suggests that the efforts of some depart- 
ments to alter the ratio may he meeting with success. 

Duubts are certainly current concerning the value of a PhU degree in 
obtaining suitable eroployn?ent. Writers in the media derive pleasure from 
discovering that a PhD had been obliged to take a job as a taxi-driver and 
thi.' rumour readily spreads that this is typical. On the other hand, the 
fi'iijrds o£ employment of those earning PhUs in materials engineering in the 
la.st 3 yt-ars from Ontario universities showed that of a total of 65 no more 
dian ffie was unemployed at any time and none was unemployed for long. By 
careful enquiry from university staff and graduate students at the unlver- 
.•^ities visited we gained the impression that only those specializing in 
t^xtrac.tive inetallurgy, especially in iron and steel, were finding no employ- 
;:uni. .M'fcrs from industry in Canada. Even these had offers from the U.S.A. 
A spcrial meeting was therefore arranged through the generosity of the 
Canadian Keseartli Management ^Vssociatlon to hear the views of industrial 
c-wploytT^ of materials scientists and engineerH. TlKjy confirmed that the 
had storii'H in the press gave a false impression and tended to promote a 
.-.tut it Ion playini; dowfi the value of tht- Phh htnh to student and employer, 
hi >;.ii.-r.ii tiu-rc are opciuni'.K tor qualilied {imierinl.s engineers and 
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soieatlsts. c«ipt?t ldlly fot; those of broad g^iiv^ral 4blUty who can Gx«?rcise 
U'aik'rsiUi^: in rust; atch . iud iu ntanagt*merit . tUe poaitioh in industry xaay 
ohaagf rapidly* going trom surplus to shortage in two yedrs or less, 
Mort»ov»?r* at any om» time industrial opportunities are uneven^ Thert? 
was uubstantiai conf inaatlon of a nn'-re general appreciation of the highly 
qiiaVi f i fid PhD in c«?r t ain Indust rial sectors includittg non-ferrous metal - - 
luri'v, imcltMr .t-ngint-'cjcing an^i science oriented sectors. It was admit tt?d 
thar in Yerrbtiy tfere "wc,s not iri Canada' "a ; high 

appreciation, such as in C.*»naarty, Japan and other progressive cps^^ettng 

count rl«:^H. .. The general impression was ^^^^t industry e^^ected to be. in- 

rrt^as lug their demand with '-Vriiy teiBporary and_ localijZed sSetbacks; of ' 
perhaps : twit or three years duration in any one .cpiapany or sector. . 

IvV ri-'uo maenii that : 

1 . T he fiauret? for an tic ipated demand in 1974-75 for PhPs in Ont;ario 
i n 'mining » metailurRV and aaterials* be at least doable those feiven in 
Table of the report of the Canadian Engineering Manpower Council, July 
i9 7i« and the targvts foi the total PhD student population in these ■ 
distipl inea be adjusted accordi n gly. Most of -the necessary substantial 
i ncrease in the output of PhUs should be from departments with comprehensive 
pro^r anuHes in niatreri^ils eneinecrlng or materials science or both. 

2 . EffurLs LP recruit a iarger j gro portlon of the PhD students from the 
graduat es of Canadia n und er^ra Uuate" programiftes should bg continued' an d In- 
tonsi t- ied . The Htipends aid to Canadian fitaduate students are inadequate 

attr.u-t 1 sufticient nmd>er ard should be increag^ed feubstanttalt v . 

The supply of PhD graduates is, of course, llBjitred by the Intake 
I lie various Phl> programmes in the department of taetallurg)^ and materials 
HcUnuLf. In. general^ we found that there were enough funds to support the 
present number of PhD students and, in soine univerjsltleji ^ there was a sub- 
siautijl jriurpl .^r of funds for this purpose. The surprisingly large post- 
dnctoral pin>ul.«t {i>ns in tht- departments in Ontario revealed by the data in 
the table iu ApptMidix 2.2 Is in part a reflection of these surplus funds. 
Mure re/;carili^ much ol it of txtrellent qtiaiity, is being carried out in 
ttntario universities than is neL^ed to support the PhD programsjes . Much 
of thiy4 researrii being (Mrried out by post-doctoral people and faculty- 
i it-ariv^ It wotild he possible to fund a sub?>tantlal increase in the popula- 
t icai wf Vhiy sLudcnt:> by a pri»port li>nat e decreas^e in the number of post- 
*thn t oral ft^-iluvs, WhulUer this could be done without sacrificing sttme of 
t :U' ^juality o! Che rt^s^arrh nt.it put is quest iotjable, 

\i rli^:ir that, in nost universities 1ft <mtarlo, the number of 
>tudvHtN .ippi v^itiv; fi»r aiimi ssitrn and beinj; .irrepted into PhD programme^^ in 
r;at"^K^' ^ <»r t** nui.sit r'n pru>;ranin>es preiedin^^ the PhJ), is the faetor 
prini.irilv rt-,pi>nj> ihie fur reb^trict in^i; the supply of Phhs tu industry. U 
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Is aiti icuit CO form an abouL the aJmis^an standards applit^d by 

in^Hviauai di»partwnis h^i^aust* siuh n vide varii?iy of rrleteria aro 
invplv4.?d* iloweviar, wc tortned Uvc* general iinpressinn,, admittedly mwh 
volotvil by ^ne ar two isolated e^iampUs relating to situat i<5n.s with 
which iiave had some experienctu „that the stan^^ltds ar^^^^^ imusually ; ^ 
hi|j;h-. ' ' ' ■ ■ , ■■ ■ ■"" ■■■ 

in the Tpost depart^ their graduatt? students 

trom under gr-iduate dt>parCfaents of metalltirgy and materials science.. There 
were . Z21 graduate s toident s regt: Vered t:apadian oniver:- 

slties in 1972-73« Approximately 70 new graduate studejitti ari^ required 
to cover attrltion^-a^^ "suminer IT .r^ 

to biviua Attained* However, only 131 bachelor *s degrees in luetallurgy 
are beiuK awarded in 1973 Uj^ually, 15% ot the gtaduating class enters 
graduate school so that only about 20 graduate students will be availab^le 
frotn this, source* -Kvcn it a further 20 students are recruited from other 
dirjcipUnes a net shurtlali of )U , students remains. Ttils has t^aditlon-- 
al ly been . ?iet by acr^pting foreign students. One ran therefert> conclude 
that Canaiia doesi not produce enough metal iurgical bachelor >\raih4ateH 
to come near ne^^ting the requi renk,a)t>^ of its graduatt.^ Si^hools, xhis f:? 
the crux of the probU-rn in metallurgy and luaterials science. There are 
several directions in which^ solution could bt- sought. The pruportiou 
of the graduating class entering gradtiate *^rhool could ^e increased. 
This in a problem largely associated with the image that graduate work 
haM in the minds of undergraduates aiui the prospect that thiw see f'^r 
ewploytnent after they have gained a Fhl^* It was vUvir {rom our discussions 
with iitudents Lhat the general impressitm they had about job opportunities 
tor Ph!) ur</iduates way very different from that stated bv factilty metnbers 
or described by the presH release from the Canadian Asj^ociation of (Jraduate 
Sciiuols, Appetulix 3* The general irapressiou Ls tliat jobs for {Hii>s are 
very hard to find and those that are available could just as well be 
carried out by persons with master's or bachelor's dep,rfe'es. Tlie.se 
impressiuas are reinforced when tbey see substantial numbrrr nf students 
of A4>"ian <>rigin ho obviously frustrated in thetr attempt:, to ! ind employ-- 
ntent. Clearly this situation wilt improve only when the .^eiieraJ cl imate 
tor the employment of PhJ)s improvts. 

Another approach is to iui^reasc ^ije intake i>i stutlents i rom undergraduate 
<i; partments other than tht.se concerned ptlmarily with n>otallurgy or matfrials 

clfc-nce It is conunoii for m^iny departments of materials srionci- in the 
i:ni:ed Stat<"S to obtain a substantial proportion of their ^^raduate students 
from •inder*;raduate' pro?;rainines in mechani<'al » t^li-ctrical or c-hcni -^al 
engineering or in phy.ncs, chemistrv or f«cology. The j^radu.tt ^ courses art* 
difsigned, borh in quality and level, to provide a fomplete educational ex- 
per icTH-e . for these students * In Britain it i vory uuu'>ual for a -student 
to vhang^ f ron one area to another on entering ^irc*<hjare srhtK>l* Few. 
Canadian departments oiler the spei trura of interest fni; rmxrsi-s nec t-ssarv 
to attract sctidents into nuxterlals engineeriun ivr materialN sr{rnr<-. This 
situation vill be discussed in more di-tai 1 in tl»e aext section. 



ma 1 e^ria I h ili:J^*il^:iL;ii^l4- J^ilt^±li ^- yi)]i^l}I^^lAl^&. f rum Q tlnfX undergr H^d uate . - 
piv: s i h } e ; :uuj_ a 1 sit to iittvact_ studtmtH I ntd the ^jubject arva> (fradualy 

: * i]^t^^ '^if-Al J TV i) F TilK ;' £ijUCAT10M^ E XPKHl ENCE ; \ . 

..Ui tiir UVsi<,*r^^ tracUtion the PhD degrecv.is a niarlc of succesHf u^^^ 
^ on{»J*n iou irf ii oo.urHe of. iittt iat iqn in. resvarchv Of - ccmrj^^, this -liDpiieH 
;i lot more than th^? t^Ludent's rec^.u\cing Instruction In some particular 
tH. huiqtu^s or j^aining r?n expert kncn^ledge af a very narrow topic- We 
vrofV' .iskrd to apprai;?e the quality of the various progranfflies In luetallurf^y 
auv! niciterial^ ^rivnco in Ontario* To da this we must firf$t net out our 
viows on Ih4> pufposej^ v>f ,surh PhD prof^rammes and the nature of the 
^.j^^^^ntial inprt^di^nts of such a prografmcie. We believe that the purpose is 
to provide the student with a variety of oppurtunitiet; to develop his. 
t:iUnit for science and technology and his interest in materials* In (be 
vtmrse of Ui.s Phi) work he «ihoald provide himself with a strong basis in 
the physirs and chemistry of solids and the interwoven discipline of 
rjatt rialH science and a broad interest in materials in general. In addition 
he should learn how to plan and <Mrry out a research project and how to 
det ine a problem and study it in depth. He should learn how to assenible 
lii.s arguments and concTasfons, present thern to his critics and oeers, and 
ixneflt from tlvelr eouHtrnetive eriticinm* It is flrtniy held by advocates 
of the Hritirfh system that all these experiences can be obtained by the 
sitident*s receiving guidance and encouragement from his thesis supervisor 
(hiring the course of two or more yeats devoted almost exclusively to a 
research topxc> Irt tiie American systeTn it is considered that it is 
uoi essary lo vrovidu a range of formal c ourses from which the student < an 
seU-rt related. courHefci which fit hii» particular needs. in addition* the 
r.ftniiHt carries out research on a topic very similar to that selected under 
the British sVstem and lu> receive-^ the saine type of guidance and encour.ige- 
t:it-nl at. hi< British founterpart . 

\vV, o\ rourse,, agree that ! the ediicat ional experience most likely to 
!> iVf lastirr; Mnp^^rt.mce to a student 1h his Interaction with individual 
jq,.^r|;>,.rs 4>f tl.^' farciUy, At the graduate Itivel the iJtudenti teaches himself 
itni !>hotild not require the discipline of formal courses taught in the 
:j]anner to which !inderv?;raduates have become accustomed. However* not believe 
:i:,it, cxcApt ft^r tht' mest f^nM^ttlal st^itltMU, meaningful pt^r«ma1 rontaia 
•an In- madt» through » iiance meetiii>;s at coffee- or in the corridor. It is 
p.^ssihh- lor i student .to appreri^ite fullv tht- In tt- 1 ler ttui I vijt;uur of a 
protossor <MiIy by the student's part u.ip*it f nr. in a t«Hirse iu wh i ch t he 
proie^-.sur sets out loj^icaliy and systematically his analysi^s of* and 
Ihou]^:lKci on, ui advanced topic and wht>re thr student has had an opportunity 
ro int*«rari with the professor in a small ^rhiss. All students learn a 



lot irunv Uivir assi>ciation with lUeTr, thfe^j^it^ siH>ervisor v it the 
»iMdv.*ut c^^pcrivMxvv is i imit«.^i t<^u his total ex- 

puriepcvs almost certainly^ vi 11 bu U*,^h than Hc!t?quate. t^f course, 
what a 'Student derivus. irum any arrangcmetit of . graduate studies 
dvpends§ to! a iargi' exttmt upon tii4^\ stu^ hifs^f If . The; well-motivated^ 
hi>;hly. inteiitgent student with, 

aimoiit any situation. Thi^ t?xplaln^ why no obvious curri.*lat:lon 
t^xlsth? ht^^twovn th^ p^ffonaanct?H and achievement a of Phi) graduates and 
the syiit;L»m in whey they were educated. i.n any .nationai system the 
best dtudt»nt.s tend to -seek ato to the best schools^ ahd^ on 

bal ani'e^ thejse are the ^tiulents who ar.hieVe the most after they iiave 
uraduatv^d* In our yiew a jjr^dia^ite prograiame should be judged by the ' ^ 
quality and r^inj^e of opportunities It of fers to the stud^Mit, not by 
tjie ai hievements of occilslonal outstanding xndividiuals who may have 
■y.anv through the process in the past. 

It i;3 usual in Canadian graduate schools to adopt a middle course 
Jretwee.n the 8r i tish and .^Vsk^ricau system, in most of the progransmes we 
examined in Ontario there was considerable emphasis on the tnesis and 
LiiH importance of the thesis supervisor^ but rhere was also a substantial 
course requirement which varied between three two-term courses and eight 
halt courses • Aithoiigh not quite so large as the course load usually 
required of graduate students in the United States ^ it is still a large 
load. It should be adequate to provide the range of experience which the 
best students are seeking, provided that the courses have a suitable 
i ontt-ul and are well tau>iht * We detec ted, however » a tendency in some 
untverstties in t)ntario to regard the purpose of graduate courses to be 
simply to fill some gap which is imagined to exist in the undergraduate 
prn^ratiimc'* Many such courses were lectures on experimental techniques. 
This tendency to downgrade graduate courses until they are little roor^ 
than supplements to labor*3itory experiments is particularly noticeable 
aim n^;si iaculiy members who received their education in Britain. We will 
r^u.'nient upi>n the range and quality of graduate progratnittes when we discuss 
ti)c pf4;gramnies in tb^ ifidividual universities. 

All categories ni m^iterials pro^raraujes require a solid basis in the 
phvsi^al sciencci^ and^ cnnse.quent ly it is important that the student 
should have contiict with physicists and chemists and applied mathematicians. 
Ihe r;in>',e ot experience needed by students In the three types of materials 
prorramme^; with which we are liere concerned are different* The student In 
extractive (chemical ) metal ltirj»y # would benefit by exposure to faculty in 
T.int r;il en>-Jm erinK and chemical engineering, as well as lntera<!tion with 
t.ufilcy and students in materials engineering wi thin his own department/ 
lu ,soi:ic: universities a substantial part of the extractive metallurgy curri<Mi 
luni i^t contair*ed i^Mlhin tht» riiemical enginei i ing department* it is also a 
Subject which Is* in part^ suitable tor treatinent by rconj^tnctric luodels and 
'4>ther operational researrli techniques and it is prc»bably deKlr;il>le to cm- 
f*ot*ract:! students to have Kome experience of these industrial en^lneerinR 
rt tiioils whiit ? h^*v ar«' :.;till irj the university envi nmtnent . 
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Stuaentt> who iuteiul lo h^n ojiii^ materia ! s erigln^^^ need t,o havt» accvtst^ 
. coxii'Hv.s uuicii UcveU'p t Jtx a:i >aiH4st>t>tTlrt a way as possibU^ tlu- 
\}.iri tA'ular materials tt dmuioHv in.Vbicti they intenU to speclall^.v, 
adUltiiui^ they wil L want to broaUcn their knowiedgi^ of m:itt?rialH . In - 
>;ehcni:r i>y having; avaliabli* cour^ej? ^-uyvringTa ran^r of technolp juu] ; 
the, matviial??.,^;^^^ vn whi<:U tli^y ;}riv b^jist^d. I t is Important alt^v^v ^ 

tiuit such students ^^^s^^ be int Linatciy t^onniH' work of bther 

t;ni,;lniVrin>; dcpartj3cmt?5 iri the m of ^ngtiieers in Industry 

govot:nw.;iu s^'rvlvi'. fertivti i^^^^^^^^^^^i "^^^ industry is ^<trt icularJ y 
iinirortaiU ihiiriu^; the years of i;,ra4uate study and very difficult to a^^ticvtS 

. . . .Miterials ifcit^nt e. in inaiUvu ot a rauxie af "di^^ipt ine^^v^ i^^^^ter^^ 
•sriem-v..pro>;raqmie cap l>e put together by an aHHOciation a>1 faculty oxperi 
- 1x7. these component discipiin^;!s, from different departments, or thti pro- 
' gramme i^an bo Interdiscipl inary within a sing^le departinent of materi^ilia 
scieihi^. Only a tew of the largest departmtints in the Unireti States have 
a i^taff with a snitabU^ variety of backgrounds to have been able to develop 
■a materials j=;ciencc prot:ra!njne {ar^iiety. within the department. In most 
placet? the pro j:\raninie in nuiterials Hcienct^ Ik an association of faculty 
iueuibers from a number of departments, although in niany cases there i:> 
'^^nbt.Laut ial cuHi^nU ration witiiin a department which may contain the words 
. 'materials t4i'ieuee* in its title* 

in manv itniversities in the United Vstates Interdisciplinary materials 
:;4:ienie activities liave developed arouna central research organizations, 
known in the original .pro>;ranime as Interdisciplinary Laboratories for 
Mater ials Research- twelve yearW ago a dozen of these centres w^re 

established by tfie AdvanciM} Research Projects Agency of the Departmt^nt of 
i)efense. Tliese , and a few otiier cc>rttres established by ckher agencies, 
vary considerably in si:'.e and in stylt^. Tliey aro all 'horizontal structures*. 
Dcanin^; that they are an association ot faculty members from several depart-- 
nientN of the university who cume together to develop an intc^rdlsciplinary 
activity in materials. Three similar centres, although on a much smaller 
s;rale, were established a few years ago In Canada. The National Research 
(.oMnvil negotiated Oevelopment Grants to the universities of Me>faster* 
Porunto and British Columbia, Vie will conm^nt about the effectiveness ot 
tiie research t entres <it Toronio <md McMaster insofar as they have pLwed a 
role in the tieve 1 opnk^nf >f Biatorials science programmes at those univers It ies - 
i)ther Yesearcli <iMitn*s n-lated t(> )iiat€^r ials work, but not essential to 
rKJterials ^rience^ h:n^- bet^i t^ss ab! i sheti at other universities in ikitario* 
\ i.'w i>f the.se iiasfe ha.! r^omo Lmpact on the niiUerials pro{;ramnte.^ ^ as will 
Ik- iudi/atcd iat^'r. 

n^M-.-fi* .i;s*'u^^hh\ lUf' prn>f,r.iniint.\s it individual uni V^' r'> 1 1 les ^ we must 
a.Kir*-s-s tit.- •ft.'tieral quet^tiiMi of Liir a rltical si'/A^ a (U,:partmt*nt it it 
tc^ be t-ffectivr. rhi.K critical si;iu Jepf-nds^ j'Jt- course, npen - tbc nattirt- v>t . 
the. depii t nu'ut and tiu- nl> i<^r ! i ves- of Its profir«inUiu*s , If the Br i t i sh vlev^/ i s 
j'i..4Ur-d i)uit th<^ tot.il yx-ii]\uiti.* t-xperitM>ce is centred around the tht.'Sis, 
r:.c\ .1:1 eMtM-ti /e ;>rv>r;v:j^rine rtn^uire-; only on^- ^nnvl facultv fnCiPber. Some 
■ vel it'rfinwn d#'}>arti:M*i^is <«r mctailur^rv iu Britain havf, in the past, contained 
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tnily t,wo ar.tliree prof ^6sors • It, however tl.*^ Ameri<*an yiw is adopted 
thc.u.liu' Ucpartmuutb ruH^d lu bt.- aul t ic.ivutiy. large to provide a proper 
ratine pA :-txnirt^cs from whloi) tho studtnrt ;v*un scUcct hi,s prugraimev 
Obviiiurfly ali thf fiourHt^.s iu^t*d not oilerud by a s;i«gle department. i^^- 
our, ylew^. it is de;^iirable that t^H^ ^^tudeiit sho^^^ 

menibyrti^ i rom thu ba^^ .departmtnitsras well an by faculty meinbers 

i.rom tU^ <:^ngineering..schoQK Wlmtever, arranjji^ment 1h; a4t>pti^d / if ^ : 
pru^rame in cxtrai^tivo (c?iemii*al ) metal largy or niatt?rials engineering Is 
to have: vohesl4)a, U'4t>t . a rore of ^uh jerts niust hit offered wlthlii , the 
dt^partnk';nt ol- mate The criti^**^^ ^i^^ ^.^ 

this -core dt^pends/ a great deal upon the i>trengths In related dlsciplinej^ . 
whi,ch i'xist within the uaiversi tv and the ;ex.teut to which the departmental 
priV^tVhiKne ut ii i?eri^^ s^^^^^ couri^e^ out ,s Ide the department * r la certain 

cirtMiiMtances a departinental programme in cxtractiv.e (cKemlcal) Tnetalliirgy 
requires only three or four faculty membfe^rn tp rover the core subjects^ in ; 
pyri^uietallurgy, eKH trutDetallurKV ^ high temperature chenjlstry and oxidatlcMi 
au«l corroHitni/ it Is tmtisual , howt-ver, for materials engineering progrdmraes 
to be able to draw on .many coursoi^ on eipt^clfic materials technoloj',ies . offer- 
ed byother departments* Here thtf problem of eoveragt» often beromejs acute • 
It requires a subbtantiai number oi faculty members to be *ible to provide 
lu'-dcpth graduate eOursei> tover^ng the proceiisiug, properties, and enginee^r- 
in>; utilisation of in^-tals, ceramics ^ polymers > and electronic , inateriais* 
Bieaa!tJe historically most materials engineering departments have developed 
tri>m nietallurf.;y departnse-nts even those departments with a large number of 
ivU'iiliy itiembers often put an e>u*t'ssive empha^ris on metals* If a materials 
science prugramnk.* Is made iJp of courses dr^unj irom a uunjbt?r of different 
departments, then the number of faculty members in the materials d^'partment 
lu-ed only be two or three to pr4)vide j»onte focus for the programme. There 
.irt' a numbirr of viable material tcnce pro^»raTmne.54 which have developed in 
thiii way* Hovever, In other univernitieH the interest shown by faculty 
niembers in chemistry, physics, geology , elect rical engineering, etc* has 
hevn instiiticient to provide a basis for de^veioping a prograsmie in materials 
-science, and the initiative has had to be taken by the materials department 
in tlie t^ngineering school. In tiiese circumstances the departinent needs 
lartiUv members In the different cojoponent dif^ciplinos of materials science. 
In A lew universities in the UnltenS States intcrdisc ipl inary departmental 
'groups wifii incjrf than a dozen i acuity membtrr.s have been developed for this 
plt^pt^st' . 

ihiriui; tht- i*ourst- <>t omt dincxiHrAoxx^ with iPi^mberr, of the f<icuitle»s oi 
dcpartnicats of metal lure.y and materialht -tcieiu e iw Chitaricj, we occasional I5' 
. cnc..*nntcrej th^: argument that in ordt*r to attract r,ood faculty members to 
te.aih the undergraduate prop,rammeR and to keep them happy after they have 

r-*' ruLt*'4* it n*M *-;sary ti^r th^r** to h»* apport uni t ies for research 
in.i tht.' res< ircit sfi;>tilii be i^irrled cut by ^^raduate students; tht?refori' 
thi-re Ti.is Sr a PhD pn^^^ramint- , however small iXic nuft\l>er oi 1 acuity 
rvtr,;ibti\»^ a im1 student s i nvc^ Ivi-d in U» WV' dn not iully acci*pt th is ar{.;umtMit • 
1* \ nit^mber of tiK- f ^rulty of an untJer^raduat e d«,*partnient wishes tu continue 
•J 's r^'.starc h ti:i-: di^n*/ t*r t ri vei v usi n:; researclt assistants and 

;»ost t ,/i it-Uov-M. !( rfiut.t bi_- tidnUtle^d, ht^wt^v^r, ihat.nuL>st professors 



'..iilt. a tiui^ ifitt^re^t Ici rest^art h aris^' unlikely lo bt* content to work In 
a prv»ii»niina::t }y tindti'*r>:r.iAiiial f t-nvi rutuneui , 

A:;si:SSMKNT^^i; ;nm jM<lH;iU^{MK S AT ind ividual UNIVLKSITlt Cf; 

Xuc prourauimyK at the Uine.rvriL uatvurs it ies are discussed iti the t^rder 
ni which most of ttie roosultcmts lu^^pirned to vinlt the campiiseii, 

>k:>U?>t<:T JL^m 

The Jeparuaeat t>uU'ern;^d With mcitcriais in . 

4\iilvd: the. Department of >VtalIurr>y and Materials Sciejiice* i:;u urv,. 
.irivpU'a fof >^jraduate wvi^rk leading co the M54c <iegree , In Material H Scientre, 
to thr' >iSe decree in -Metallurgy and to the MEng in Metallurgical Engineer- 
iuK i>r to the PhD decree in Metallurgy or Materials Scit^nce* 

At Liie undergraduatt' 1*»v<»l the programmes are in the Metallur>^ical and 
Vi'ratni<.ts Engineering*. In addition^ there are undergraduate projirainme?^ in. 
r.Mterials st-it»xiL-e (in tile Scii^aire Faculty) and in engineering physics. 

iUld rel. Kiu>\ C<* the m.it vri.ils prograinmes at McMarfter University, 
voileeted by .AC/\i% are .suimnari;^ed as follows. The staff of the department 
votisist.*^ of Sfven ftill professors t two as.^ociate professors and one 
assistant professor- Four of the faculty members described their field of 
specialisation as extractive luetailurKV (2*4 FTE) , six as physical metaUtirj^^v 
i i*6 PIE}^ Liiree as enMLne**ring materials (1.1 KTE)^ and seven as materials 
science (2*^ FIE)* Kowevei > at the PhD level only two programmes are 
otlered* one In mttallur^y and the other in materials science. Currently 
tht-re are 36 students enrolled in the graduate programmes^ a mmber which 
iias varied little over the last few years. Of the sixteen in metallurgy, 
^;eve^ are doctor,! J candidates in extractive setallurgyt six are stated to 
he in physical metallurgy and thre^ in engineering materials although 
neither t*f thest- fields is listed as an area of graduate study in the 
i at^iiogue, Of the seven PhD candidates in materials science only one Is 
an eUKineur* After talking with sotne of the students and staff and c-Kamin- 
i:% the details of tht: p^^)gram^Te in materials science we came to the con- 
citision that .ill ihi* i*>ctora! candidates listed under physical metallurgy^ 
t-UjitlneiTinp^ m*iterial?s and mcUerials science c<mld be included in the 
iMte^^ory which wi- have descr ibed ear I ier in this report as inaterials science. 
f>v tin- ti-iture oi the conrst-s selected and the research topics on which the 
.-^t !ideiiL!s are eu^a^t•d, some ot these m:iterlals scit»nce prc»^rammes have fnore 
ot an engineering', flavour than others* t.>f the graduate students enrolled 
at tne present Liirif^ 11 have first «fe>^rees from an Asian university. 

IIm t»!u:i n«-er i s<hof»l at McMvist?-r l.'ni verr, i tv has not yet reached it,s 
undi.r\'raduatv .-nroiTm^nt *ceilln*,:*. lliere are at present onlv t>i>i} undor-^ 
>-.r.idu.ites in en;^inecr in>: . oi the treshmaft class of under 2iU)^ a{>oMt 100 

the student-, ire unionimitted wlu-n they t-nter the university. <)1 tliese 
in »c/t^r.ii;e oi b ..tu.hs^it^ per ve ir cJe< t to take metal lur^^v . Five sttuhMtls 



in. thi» Si- ivnri* Farul U elx^ct materials scl^^^ about ■ ^ 

i -iU-/<'n *u5u\r St tuirut :v t .iKf Si>i:u' materials Si^ii'ticc coursL\s through the 
. tri^iiK'criug i.'UvbJ Ics pr<^ram <hily a i^maU i'rartlun of thi^i ^^nial 1 
unaernra^iuatt^ ,po|nil;^ i:fa<{uate work attc»r tiwy have their 

baihvU>r*s decree and ohi^ thi^se sraduate?^ elect du. their . 

)Vr;^4j*^ttv >%>rk at >!i;M;is un<iergrailtia{e programme Is lYot a 

vt-^V5s |Xrc^ tfoutci* cciudidaties, for ;admts^^^ pto-^ 

i^raauufc^S v Wt; re*'i>nffi3»?o\i that tht^' i)t?p3r:tTnvnt be ^giVori the oppurtuaitjr to 
int rvHluce materia U ti^* e to al l en^uneers be tore tht»y have seU^cted 
thv i r "Hnder^radiiati* options ♦ ' * . ' ' - ' ' - * ■ 

r -At >l%Ma3tt-r L'niv^^ mat-*3rlaii> iiji organii^ed by a muiti--' 

disi'tpJ in*fry' hist iiutt.', ot ^tat Kesearch which embraces eight. 

dvpartmontH; t!ie Department t^' Mt^tailur^y and Mat^^rials .Science, together 
wi til i'Uenust ry r. Phyi;Tics5 ^ (Geology i and., four engineering departtnents - 
aunnital. Civil, Eli'c trie* ai and Engineering Physios. The Institute al^o 
iui! ludej^. associate.s I rom industry and government* At the, present time 
these are represented by membLT^ from Westinghouse (l^anada) Liinlted^ 
UVvIvyn (Canada I Limited* and Atomic Energy of Canada Eimited. A t(?ral 
of 4 1 faculty members In the university are active membt-rs of the 
Institute for Mater laU Research. Mcst of them are housed in large 
nu^diLrrn hiiildinKs which arc adjacent to each Oth^r and so facilitate inter- 
inini^ling ot the staff, i;raduate students and technical assistants* The 
Institute wab loundt^d and has received continuing support from an NRC 
Nt-^otiated Development Grant, A substantial proportion of the-se and other 
ft-soiirces have been devoted to buildiu); up exporitnental facilitieH which 
nrv n^ud in commou by groups of f acul ty ^lember^5 of the Institvite* These 
I'.iciUtie.s are excellent and iqunl to similar facilities in other parts ol 
the world, "^hc research covt^rs a wide range of topics in materials science 
.iud the productivity of the n>eniborK^ an indicated by the output of publica- 
liouiri, Is hlMh. There appears to be active intcrdiscipl inary cooperation 
which is fo^^ered by neininarss held witliin tht^ Institute and by the impressive 
visiting profei^st^rs progratnme. Atiother area in which materials scientist 4^ 
pj.iv a significant role is in the newlv Oi^tablinhed mt»tal-workinft ^^foup 
witliin the Faculty of Engine-ring, This activity is also the result of a 
.NeKt>tiated DeVe lt>pmont . Grant , the annual <'{mtribnt iiuis from which over five 
'.-ars will total UOO. All the metribers of tht.* dep:trtment of Metallurgy 

and Materialti Science are membi-rs ot the Institute for Materials Research* 
lo date, onlv two or three v^f them participate in the met*il--workinfi researrh 
progransnes but it i.-; expi'cted that tlds participation wili increase in the 
nojr futurt*. It is remarkable that all ten memberH of tfie department receive 
;a'r:.ul[).H opL-raln^; grants from XRf, or DRR. In 19/^/73 tSiese nrantn totaled 
siHi.i^U, aver;5r,inn $21,407 per full professor .uid $i:^00» per assistant 

prt.tf e;-5<nr . * . ' 

.. The ;;raii;ale prn5.;rai:utn.: in njat^-r i aj.s Si'leni.'e is administered by the 
Departnii'nt Mc*tallurgy and Mate ria Is ><• imu e . Ifi addition to the faeulty 
KieriUers of t!u- Ik>partnient . tliere art- Vi profeS5,-urs from other dep/irttnents 
.jTri'^ciatod with tfu- pro^'^raniine . (hey nro thsrrihed as 'associate nK?robers'. 
]'h€ V are *lra'/n frum the depar rnir>nts of Chvmiml Engineering:;, Physics, <^'ol()Ky, 
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(;h^mi s try; Elect r^^^^ and Engineering Physics/" Thus tiiv 

raculty mtMiibors teaciiiUK in the prugraiusie repre.sent a wide rangii? of 
discif) lines appropriate tti imiteriais science and the courses that are 
avai l^ble to the students cover a complete speetrumij Visitlrtg prOfeHHots 
brmxght ttj the university through the Materials Institute have . 

contributed interesting, supplenients ta eeurses of if e red by regular 
"iaiiulty nie^^ As with mast graduate 'pfe^ there is 

4 string emphd^iri on Utt^ seientific basis of the subject and a good deal 
of importaace is attached to the course work taken both inside and outside 
the department • In the tnaterials there is' a minimum 

rtq^iirement of four courses, aitho take taore than this 

aixmber* We foutid thai tnany graduate strident s take adyant;age of the 
ti^arses offered by fitculty members in other departments to supplement- 
their departmental courses, 

Tiu' admission standards applied to candidates seeking entry to the 
Witoriais science prograssae are as hi gh as those imposed by any of the 
other schools of materials science in the United States or the United 
,Kinf!;dom» htit not so high as to account for the rather small enrolment of 
).^,raduate students in the progratmne. Biitween February v{ 1972 and June of 
1^7i, 1 17 applications wt^re received, only eight of them from Canadian 
students. Twt?nty^S4^ven offers, seven of them to Canadians were made ^ and 
fi>urteen of the^^e offers were accepted* One or two of the Canadian 
applicants came to McMaster* This year an aggressive campaign has been 
iaunched to try to attract Canadian students from disciplines other than 
tnt'tal Itirgy and materials science* It is too early to jttdge the success 
oi this effort, hut we are hopeful tiiat ther*:* uri 1 1 bv a marked improvement 
next yc.ir, 

The graduate prt^Ktamme In materials science at McMaster is the bt;st ^ 
pruj^ramme o{ its kind in Ontario and probably in Canada. It provides 
v'Xvct'Uont oppurtunitics for qualified graduate students to study and 
t irry out reseanh over the whole spectrum of materials science in a 
:ulu>larly atmosphere with first--rate professors and with appropriate inter- 
.u tixHt with other en^iact^ring disciplines and industry • 

It ir> the tmiy materials science programme in Canada which covers 
atlt-quately the basic Science related to all classes of materials, including 
poi/^ers* The polymer wc3rk is done by faculty members of the Departments 
oi Chemistry arui Chenucal Engineering. This part of the programme could 
be improved by the addition of a staff n^^mber to the Department of Metallurgy 
arul Materials ,Sciei*v.u with a special interest in polyfi£k:r structure-property 
relationships who could also provide liaison with these other departments • 

p^rarJaato popul:ition in the programme in materials sc ience at McMaster 
{*uivor?;ity could be doubled uritliout develuping the need for any significant, 
increa.se in the resources al iocated to the programme. The limit to the si/.e 
of the population is set only by tlie number of qualified sttidents tliey cazt 
attrart into the programme each year» Only in tlie last year or two fins there 
been a cuncterted effort lt\ attract students graduating from physics. 



iHunni.stry \>t gonjoy.y ^|ndt>r>\r,Klu4t^ prograiroc.s in other Canadian 
urtivtiriiititis* the cuurye requirt^ments shpiiid be re-'examlaed to ensure 
that aa uanecesyary *prafe»Hlanal' caqulreGkmts ar*a impoiied on scientists 
4.mtt? ring the course and that the progrosi^ is pres^nt4?d liv as 'a t trac 1 1 Vit^ 
a way lin possible tii the si:ierice graduates. Me predict that, a ?:iustained 
campaign a lon>i ^he5^t* will produce a si a^eabl^ graduate population in --, 

mativrlalf* si ionn* at MoMaster within the next five years. 

' tec pnimend that tht? pr^t^mitient poBitlgn in Canada of th^ materlgtl^ v ■ 
S4iie nce prograaati^. at McMaster University be recogntzedV The prograinine . . 
should he ex|>anded and the efforts^ of the faculty memberg to recruit good 
.students from Mndergriiduatt^ prOgramiiHgs in physics and chetitistry should be 
su |>p nrte d energettcaiiy > 

The doctoral prograacne in extractive metallurgy is not aa strdxt}? as 
Lhe programiae ia materials science* The research carried out by the small 
Huniber of faculty iTTexnber?^ in the pragtatnme Is of good quality and very 
suitable for thesis work for the PhD degree* However, the raiitj^e of the 
programme is inadequate and no interdepartmental administrative arrange- 
ment which would facilitate broadening ^f the programme has emerged* For 
cxitmple* there is no attempt to incorporate courses in heat and mass 
transfer offered in the Chemical Engineering Department into the prograimne- 
A few years ago the extractive metallurgy group established strong working 
relationships with the large local steel companies, Stelco, Dofasco and 
Atlas *^*teels. These interactions are continuing. Moreover, interesting 
cooperation has developed betweeti the extr<ictive metallurgists at McMaster 
and those at Toronto, whereby they have jointly sought the heip of the 
Department of Industrial Systems Analysis at Toronto^ to develop courses 
in economic systems analysis for extractive metallurgists* These joint 
vimrses upp^^ar to have been very successful and there is every indication 
t h.it this type of i ntera4:tion t:ould and *^ ould be developed further. 

}t was argued by some faculty members at McMaster that the small scale 
ui the programme in extractive metallurgy was justified because the work 
Iht^v dit Is entirely ^scientific*. They argue that if they want to scale up 
their experiments they could use equipment and facilities at one of the 
steel ct-mpanies. We urged them to develop these interactions without delay 
ind to t>roduce a btlter balance between the scientific and engineering 
vontfut^* of their pro^iramme - 

It is tempting to sun^est that the- small number of faculty members 
' ^ iali -:in)t in t-xtracfcivu mt^tallurgy at Mcfiaster University be moved to 
Tnr into to supplement the already substantial effort in this area at that 
unlvt.rBlty. However, it is recogniised that such a move would he unacceptable 
to HKinv people. There is also the fact that the programme at McMastei: -Is * 
larj^t ly eonci ntrated in steelmakin^, which Is appropriate whep one.<6nsiders 
tlu^ neighbouring industry, whereas that at loronto is more heavily weighted 
towards non * ferrous extr-f^^t ion . . .. . . " " 



Mt!>iatf t er Un i ve r>5 i t v bv s trengt hene d by ad ding one faculty meinb<^r an d by 
iucr«?artin); tht* pa rticipation aRpr opri ate tacul ty roerobers ^ f . . 

Department oL Uiemical Hfl^^inln'ri nK. Ccilaboratlon with the CQtnplerocnta ry 
ext far t i vc i;ro<)r ttto l!m vVvrsiJ^ of Toron to should be continued and ex- 
-itindftl. 



i'.ti i:vc r H i ly o ( T urun to - ■ 

TluT^ are 14 faculty members In the De{>artnient of Metallurgy and 
>tuerials Sciencf, five oi them (4.0 PTE) working principally in tjxtracti v<' 
nsetalliirsy. The otht'r.s ..iri.' desctibtid as being either in mater ials research \ 
or phyHlfai metallurgy or both (Appendix 7) • Tiii« year there are 12 candidates 
ft) r the master's degree and 8 doctoral candidates in extractive metallurgy, 
compared with five master's and five doctoral candidates in materials ressear^-h. 
In addition, there are six master's and three doctoral candidateiJ in physical 
nK-taUurgy. It is rather surprising that although the words /Materials • 
.Science' appear in ihe title of the department, they do not appear in the 
deijcriptions of the doctoral programmes. There is, however, a Material.s 
Research (Uintre which, like ^be Materials Research Institute at McMaster. 
was developed from an NRC De^loproent Grant. The Materials Research Cent re 
at Toronto has members from the departments of Chemical EngineerlnR and 
Applied Chemistry, Electrical Engineering, €ivtl Engineering, and Physics, 
in addition to six members of the Department of Metallurgy and Materials 
Science. No central experimental facilities comparable to those at McMaster 
liave been developed, although equipment acquired by individuals and small 
groups oi faculty menijers is standard and adequate. The Centre runs a use- 
ful seminar series, with internal and external speakers, which is well 
sHppf>rted. Eight of the faculty of the Department receive NRC, DRB or 

operating grants totalling $149. 80Q and averaging $12,48-^ per member of 
the Department . 

The Department at Toronto has for many years had an International reputation 
lor its f.raduate work in extractive metallurgy. Under the prp«*»rtr department 
. Ii.iirman this tradition is being maintained admirably. Tlie range of resoarrh. 
the quality of the individvial programmes and the general level of activity 
ui rese.irih in extractive metallurgy are all excellent. There is good int. r- 
.iction with industry and support from the steel companies and others. Doctor- 
al candidates are rt-quired to take 4 courses, 2 Inside and 2 outside the 
drfv.irtnu nt and there are some very attractive cc>tirs'««s in extractive metal luru": 
from which the ytudc:nts can c{»oose. However, the range of courses is surprising 
ly limited. More attention to courses in mass transport, hydrorat»tal lurgy 
and the economic aspects of extractive metallurgy is desirable. Perhaps new 
courses in tliese areas could be developed in cooperation with McMaster. Ther.- 
seems to be little difficulty in attracting good students into extractive 



metaUur>5y pro grattimes and ther^ appear to be' einpicymerit oppo 

Wt? 'recotaiBerid that the outstanding proRraiame In extractive metallurgy 
at Turonio be ri^ co^ni2t?d and used as a base f rom which to d^V^lop ^ 
larger an^r faroad e pro^raiTOii* in mineral engineering arid Extractive metal- 

. . Some yt*ats ago TrofesHor Briice Ch^^^^ established a school of 
physical inetailurgy (or mtjtai physics) at ToTonto^ ispecialtzing In 
rci,earch on the solidification of metals and alloys^ Graduate:? of this 
programme now hold ijaportant ppaltlons in a n in 
Canada and elsewhere in the world, is difficult to know how to 
ciassify that par*^ of tiie prograjnjae which remains in the Dej^artment /today ;r 
it is not a materials science programme, although it ha3 some of the 
components of. such a programme • Nor does it cover the range of material^ . 
expected in a materials engineering programme, although there are some 
excellent courses in metallurgy and ceramic science. There is virtually 
iu> instruction in either the science or technology of polymers • 

Tht? Individual faculty members in physical metallurgy and materials 
ret4earch at Toronto are excellent •« Together they would constitute important 
parts of a programme in materials ^Rineering* With the support of 
faculty members in other engineering departments » they could develop a first- 
rate materials engineering prof,ramm3, although specialists in polymer eng- 
ineering and electrical and opt IcaT properties of materials would need to 
ht? added; Similar support in materials science at Toronto is surprisingly 
Weak- Although it is probably ad^uate to support an expanded materials 
engineering prograimne it is probabiy-Jlnadequatet at the present time, to 
provide the base from which a successful graduate programme in materials 
Silence could be developed^ The Materials Research Centre should be greatly 
strengthened organizationally and by the addition of major, communally-- 
v>pt_*rated experimental facilities. 

Wt ^ recommen d that a full-scale graduate programme in m^ iter la Is eng^iaeerlng 
devt-l oped a t the University of Toronto by the addition of faculty megd>ers ^ 
in ap propriate specializations to the Department of Hetallur^ and Materials 
S ci e^nce (which should change its name ). Cooperation with faculty members in 
other engineering and sc ience de partments who have an interest in th e 
ii>pl a tions of materials should b e dev€*Iope d and expand ed. 
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The IVpartmt^itt , <U';5t*ribtn} as the ik'^partment of MotaJ liirgical KnfUneer- 
Iri^, viK widvOtip of them full pr^c^f^ssarst ^i^^t^*:: 

^Hsuiitatt? and one^^^a^ professor / Tiii' f ields of te^Jttvh atii 

described as pliyHix^ii arid Tnec4ianlcai tn^^taH extractive ^etailurgy 

and Tniiterials ^^r.lemt*. Wlieti askud to declare their field of specialization 
all ttH^ i^'taff ^selected V^'tailurgy The individual faculty jnembern are 
well qualified. iV few have had lio^, apd the chairman a great deal of ^„ - 
Industrial ejq^erlertte and relations with local Industry are \good. A 
nusiber af students complete their Lhests work or do proiect^ ii? lural in—; 
du.strial laborataries. t)ttnwa in only two huurK away by road and there 
ts {:ionie interaction with the hfines tiraneU and NHC. The financial support 
from Induj^try is meagre but there is an encouraging nw developiaent in the 
tnleract ton with Chalk River, five of the stiaff (2 full, 2 associate, and 
I assit^tant pnrfe^vsor) receiv^^ NRC or similar )*rants totalling $5l,50U, 
averaKins SIO, iOO per grant ^ nnd $&.438 per farulty iiiember in th¥ Ueparttneut. 
The five membt»rs receiving ^i^rants are the only ones actively eni^aged in 
research. Tnrec* are productive, judged by the publication of papers in 
Teferecd jotitnals^ The Other two have a small output of papers although 
th<*v appear to be seriouK and dedicated researchers* 

A Mat rials Rt.searrh Centre, in which factdty members from Physics, 
Cheifu^^t rv , Geology, Metallurgy and ttther departments collaborated, was 
est.ibtished fiVe or six years a^v^* ft was disbanded last year. We could 
detect no enthtisias3 on the part of the faculty members to revive it or a 
riimil.ir inti-rtiisc jplinary t?r^»ani;!at ion . Two vears a^u faculty members in 
niim ral engineering were npUt off * rom metal iurftical engineering and 
adiftM lo the tJcpartTTu^nl of Mining Hngineerlng* This greatly st ren^^thened 
Mfuins \na weakejwd Metal lurgy . It is claimt^d that there is still inter- 
act itui between t!ie two departme^^ts hut these interactions are not strong 
at the pre=.eiit time. the tkipartroent of Metallurgical Engineering is housed 
in a ^i^od building an*i is weil equipped for undergraduate and graduate 
tcaciiinsr, at thv master*s level. Spec 1 all iced equipment needed for individual 
inra, research projects is adequate and in some cases >;ood. Faculty and 
students* shaCi- soim.* basic t^qu ipment such as eleirtron microscopes, but 
the c,ronp ir. too small to warrant the upkeep of central facilities. Some 
arraut'.cment v for ^'hariag iMpiipmcnt with other departments of the university 
exist, 

A niastcrVs pr(»^*ra?!T3te in Metallurgy was eslablislufd at ^Jucen*s in the 
iyjXh.^ hut titc Vh\) pr<n;r'immt» is of recent origin- ITie first students 
were re;'.l^^t.ereil in i9b4-bS. The programme has a turnout of 8 graduates to 
^.i.ift- (plus 2 ill ninern J . cnnineer inr.) • Ihe total number of graduate students 
ii\ thr tltrpartftient rcvjcfied a maxfTnuin of 2i in \*^h7-hH^ and has fallen to 11 
at thf* presfMtt titilt'. These .students are about equall'/ divided befv;f*en 
t xtrai Live and pJiysical tDcta! lur^y . There is no indication thai any 
t!te sttident^^ want to pnrstie a pro^ranmie materials science, ni the 
il students currently tMirolled, 6 are doctoral candidates^ one of whtm is 
a part-tiniM Htinient* All I fu- jL^Taduat es of the PhD programme hive found 
suitable ertplrvricnt and ft Win thought by the <:hairman that tfie Department 
.iUild '|,r**<lu*»^ aitd place* tWo t;r three Thl^^^ l^^r ytMf if thM'v could fumf 



t»nou>5h ^»ui tdbly ; qual if ied students in the pru^raramt* • Xhfc*y receive over 

lUt) ^pplioants t»,iou vt,Mr but only 4 i>r f> from i\inadian -^tudent.s and 
till^>rl^ seemK to bu na prospecl of this situation iinpraviag lit the near 
futttrc, _ ' V. 

Phi) degree iire required to taky a minimum 
tiie vqu t val'ent y f f our h<il f" courses * Six tHt?eif graduate courses are list^^d 
in the i:atalo>iue. These provide a good coverage of physical meril^*^Tgy, 
HOHie toyerage of materials scivUHte Cth^^ colloquium on the Physics and 
Chemistry of Sol id^^ courses in the • >^ 

Department of Physics and f he Department of Chemi is an encouraging 

^IfH^n tvf tntt?r4iscipl inary v^i^tivlty) a adequati^ ^"over^^ pf ^^tractr 

i vt^^vtailur^y ^^a^^ no coverage of cerar^ of 
courses offered in material's science is extended a little hy the inclusion 
of a Chemical Engineer iijg Cf>urse in statistical thennpdynataics and a 
i*our:4t: in applied surface chemistry offered by the Mining Department* 
Similarly^ extractive metallurgy is extended by inclusion of the siUne two 
>-o|urses, a ivhemicai engineerting course in taa thematical models of mineral 
princesses and optimizat ion methods for mineral processos* However , there 
are no courses in some Import^mt areas of extractive metallurgy such as 
t iuid dynamics, heat and mass flow,^ and electrometallurgy- 

it was clear from our conversations with the students that the range 
and variety of courses available to them is not even as great as appears 
irom a reading of the catalogue, Becaiise of the small number of graduate 
?^tudents in each year of stiidy\ most of the courses are given every second 
year or even less frequent ly. The aiixteeii courses I i:> ted are taught by. 
only seven professors and, inevitably, factilty members are teaching some 
^^urses in subject areas in which they have little research experience* 
It was very clear to us, however, that the small group of faculty members 
teachin?^ in the graduate prograimte are talented « enthusiastic and dedicated 
people • One or two of them were carrying much larger teaching loads than 
would bt.- nurmiil in a iarger department and we discovered several instances 
in wlilch graduate courses had been taught on a regular schedule to only 
one or two students. On the oth$r hand^ we also heard from a nuurt^fe^of 
the students specializing in extractive metallurgy that they were obJ-dged 
to t:ike courses unrelated to their field of study in order to satisfy the 
i*i^neral requireiSK^nts because these were the only courses availabli^* 

Thu department has one of tht; ^ st rongest undergraduate prograimnes in 
tiu» Province^ graiiuating lb to -iO students each year with BSc degrees in 
Metal lurg teal Lnj',! nee ring. 

llw department is we'll staffeil ami wt*ll equipped to carry out this work 
.tud votiitl iu; ht lped hy i\w oppt^rlunily lu lt-*at h a materials t!tHiri^t^ to all 
1 rcshn:en engineers* 

In surimary^ tlie doctoral programme in extract ive .metal lurgy * although 
tauv^it by well-q^Mt i t iod antl ejfertiVe faculty members is inadequate in its 
present form. The rannc* of i.jurses offer^'d Is too small* The research 



.u-t iviiv;' altUouft^^^ of good quUiity, is too limited in tts variety^^ The 
ijitt rav-tio hi twt'<'U sts5<it.>ntH -inti tarulty mcmberii in extractive pietallurgy 
\wa thutst' in re I a tea dli^c ipiiiicii nuvh as* Mining and Mi nigral Engineering 
.».mi t-1t«?ai|.c4l .KnKlnt;n.Ting are ineffective. The prcgraiame attfacty only a, 
verv yraail grdup of qti:a^i^^^ few of tlwse are f rom ^anatlian 

tmdvr):^taduate pr^^^^^ are» howevt'r* at l^ast two reasons. vhy ■ 

liie . d<jc torar p rogratame Xn extract 1 ve me t a 1 iur gy rat <lueuti ■ should ' - - - 
dewloped ami fJlreugthcned. For th*? reasons discussed earlier/ PhD . 
y,nKluat*.rs wiU be needi'd in the years ahead by the tnia»-'ral and metaiiurKi- 
\'al' IniiUHtrlfs in Canada. A nuiHrity of^^^^ ^^^^'^^ - 

hc^ proUucea in Ontario and the output from Torpntp and HcMaster IhiiversitU 
Is ui»t likely to be suftit'ient t0 meeL the future deiaan4., Queen's has : 
u»i: many years had a good undersraduate pro«raiaine in metallurgy from vhich ; 
nuiiv operiitlng and supervisary staff in Canadian extractive jaetaiiurgy 
industries have graduated. Tiie University has a^hlstory of leadership in 
Cau.ul.i in jnlneral engineering;, Reology and related fields. The progr-acime 
in t'Ktractive metallurgy should build un these strengths, There seems to 
iu- little doubt chat the separatipn of mineral engineering dnd metrillurf.y 
weakemrd the effort in extractive Tiietallurgy. Ways sh<»uld be found whereby 
the two groups- can he put tug<ither aftain to develop an imaginative doctoral 
proj^r.'inune de«i>;ned to fit the future needs of the Province. The (at^uity 
Rienjbers in tihetaieal Mngine^.Ting should also be intiroately involved in this 
new Initiative. 

rhu doctoral progranime in physical isetaUurgy is a good progranme of 
a traditional type taught by youn^; and talented faculty members but it 
iri m>t a prugramrae in materials cnKineerinK. Even within the ranRc of 
traditional phvsical metallurgy it puts great emphasis on mechaniial 
physir.il metallurgv and this activity Is likely to be further eniphasi;;ed 
viien eollaburatirtn with faculty members in Mechnicai EngineerinR on projec ts 
concerned with extrusion and machinability develops- There is, of course, 
a need for a few specialists in physical metaliursy and, no doubt, the 
proHrarame at Queen's will continue to attract a few good students and to 
t'raduate a few PhDs with this type of specialized knowledge. There seem.N 
to be no reason to perturb the situation. However, although th^' proftraranJe 
in physical metallurjxy would probably provide a suitable basis from wliich 
to expand, bv adding faculty members in polymers and ceramics, into a 
pnn;ramjne in materials engineerini;* it is not reconaaended that this step 
he taken at t!if> present time because the necessiary supporting effort in 
"later ial.-^ ncieni-e in the university is inadequate and in disarray. 

ALteaipts to devt'l.,»p an int«.-rdi sc ipUnary doctoral pro^ranmie in Hiateri.il!> 
j^riL-n.e at i.nuen'H appear to have been unsuccessful. Probably, in the 
M.'.xt live yt'.irs, oftlv an*- full pro^ramE.f' in materials science in tht.- 
■r'ruVlni.e w'ni he mederl. and . an be justified. This need will helmet adequat 
iv Ir. ■.McM.i->ti'r. An attuKipt tu rt-vlv-.' materials ^vicnrc at Queen's i-annut In- 
■iajipi'rred at the prf-;ent tinv. 



1. The programme in extractive metatlurgy be replaced by an enlafgpd 
prograimae in extractive aetaliurt^y and mineral engineering developed 
jointly by facalty members from the of Metallurgica l En^inecr- 
ina, Cheffltcai Engineering, Miaing Engineering and Geology. 

2. The PhD programme in physical metWllurgyfae maintained . : • - 



Univeilslty of Waterloo 

jl^ere is no graduate progranfflie in materials at the University p 
WaterW and conse<iuently there i« ho PhD degree in metallurgical: engineer- 
ing or any allied field. The undergraduate enrolment in engineering is the 
largest of any school In the Province arid the number of graduate students 
enrolled in engineer ing departments is second only to Toronto. At the 
undergraduate level the progranane is a unique co-op plan and at the 
graduate level cooperation with industry is extensive and effective. 

There is a group of six or seven faculty members, five in the pepartment 
of Mechanical En$^lflee ring, each of whom was trained as a metallurgist or _^ 
materials scientist, who do research on such problems as fatigue, solidifi- 
cation, properties of bone, machining, welding, forming, creep, dticttle 
fracture, strain, ageing, and interfaces. The five faculty men&ers in ^ 
Mechanical Engineering received last year a total of $114,725 in industrial 
and governmental research grants. They are, and consider themselves to be, 
materials engineers working In a Mechanical Engineering Department on 
mechanical engineering problems. However, most of their students consider 
themselves to be mechanical engineers with a special interest in a 
particular class of materials,- or a special materials problem, studying for 
a PhD degree in Ht^chanical Engineering. Although there Is close coopera- 
tion between the faculty members in Mechanical Engineering working on, for 
t'xampU', mutal-working problems and those in the materials group, all the 
research we saw tmder the dirt;ction of professors in the group was 
stronRlv focurtsed on a materials problem and was indistinguishable from re- 
iiearrh carried out in physical metallurgy or materi.'ils science department i« 
in other universities. Ihp group offers graduate courses In mechanical 
metal lurgv, thermodynamics, phase transformations and composite materials, 
all of which roHld be found in the curriculum of any good department of 
physical metallurgy, or as courfies contributing to an Interdisciplinary pro- 
gramme in materials science. The fa<:ulty members In the group are well 
qualified, young and produrtive. Their research is imaginative, although 
the topics are traditional, and several of them are achieving, an international 
reputation. 



There are materials courses offered by other engineering <le^ . '. 

For example^ und^r Civil Ettginee-ring, courses listed Iriclude, "Advanced 
T<5pi<5s in the BehavioT J4aterials and Fracture Behavior of Mater ialV* 
and, under CheW^al pngineering^^ Polymer Scieace and 

Physical Properties of Polymers'^ We were left with the strpng. Impression 
that ♦ If the faculty ineinbers and courses co^ with materials / 

were' brought together in an administrative unit ^ Waterloo would probably 
have the strongest and ma^t coraprehenslve. graduate progransB6 in materials 
engineering in the Province and, furthermore ^ one which wtsuld have the , ; 
great advantage of be,iag an Integral part ^ VlS<>^o"S ^'^8f"^®^^"8 ^'=^°''i* 

Obviously, this conc apt ha§ received .sdnje attention inside the urtlversity. 

The deans and departssenf tto their lackVof 

entrhtisiraiitn for the idea with various degrees of Intensity . : From -the start 
of the. Faculty of Engineering at Waterloo there has been strong opposition 
from both the administration and the faculty raeisfc to siaal I groupings: 
and **>mpir<^s* . There was, and ^t ill is , opposition t 

the only Inttirdepartmental group in the Faculty, the Solid Mechanics Group. 
Kyen today thi^ group i« only a /graduate division'. It does npt have a 
'head* , only a 'spoJ^^e'stnan* I However , in conversations with soise of the " 
most active youn&er faculty members we detected some Impatience with the 
traditional attitudes of the administration and some of their older 
Cdlleagiies oh , this point. They believe thfft a materials engineering group 
'jould give greater visibility to their work, be a more appropriate unit 
than the Department to which to look for evaluation and support when they 
are under consideration for tenure, promotion or other rewards, would 
promote interaction between faculty with a primary interest in materials 
engineering problems, and lead to a more balanced and meaningful programme 
for the graduate students interested in engineering materials. We agree with 
these views. We recommend th^t the Faculty of Engineering be urged to 

roexamine the proposition that some adro:tnlstrative and organigational structure 

he developed to give coherence and visibility to a graduate prograimge in 

matc'ri a la tngineering . 

In the Physics Department there are a number of faculty members whose 
primary research interest is in a materials problem. Their interests cover 
such topics as parameters of crystal lattices, thin films, lattice dynamics, 
diffusion In III-IV compounds and crystal Imperfections in semiconductors. 
A distinguished member of this group was at one time a professor of metallurgy 
and chairman of a materials research unit at another Canadian university. 
Tho. Physics Department lists graduate courses In "Crystallography, Stability 
and Propt>rtles of !»4etallic Phases and Crystal Structures, Electron Microscopy 
and Electron Diffraction, Solid State Physics, Imperfections in Crystals, 
Crystal Physics" and other courses of central impnrtanre in materials science. 
Some of the students in the Engine*.- ring Fnctilty take some of these courses 
but we did not find any evidence that a significant number of students 
in Physics benefit from some of the excellent courses In materials in 
Engineering. No Materials Research Centre has been developed In the 
university nor have centralized research facilities been established, althounh 
. th.-re .-!re snne Infurnial .•jrr.-iMiicncnl h for ^harinr, equipment. Som*- .ndTnf- ! Ft rntors 
expressed the view that they did ntJt nc-id to adopt this 'device' for 
obtaining funds for equipment. 



The faculty ra^ materiaia problems in the departments 

o( PhyH i CSV Chemistry, 

Ch^micAl Engtnt*ering» whv»n t^OTisidt^red together* certainly const! tuti» one 

of thi? larg^¥t i c^nd awtigHt the^'^rt^^ taltf^tedi; ^roup pf m^etials £icl<L*nt Ist^i 

and i5ngin<^yrs u J^^^^i at atty of the ufttvetsitl^^ in Can N^'arjy ■ 

all -thi^ cour^te^^^ to jnake f Irst^^^ in njattarialj; „sc iv 

alrtMiiy exist In the univt^rBi ty* Onf atjt^iriatfc* ly , W could f Ind nD reanqti 

to hope:that ^ c-oherent intt?l^d^sci^>^tn^^^ effort in iivt 

woliid t^Tftetg^^^ at Waterloo the near fu^ 'Th^re appears to b€? iio 

desire o^ tha part of thi? ^dMnistratibn to faster prgahizatl^^ 

acrpss departmental or Hchool boimdar if s . - Nor Is there any c'vldenct? that 

an appret table number of the faculty mejnbers^ 

an iaterdiscipllpary e„f f We ft?el that there exl sts at Waterloo rhe - 

opportunity for the univer^iity .to play a inajor rolc*^ in the deyeloptnent of 
miiterials .science. It is regrettably* ^hat the university has d^^cided to 
apply its energies and rfc*sources elsewhere* 

Before leaving Waterloo we must also cotmaent upon the activities In 
extractive metallurgy in the Departnient .of Chemical Engineer itig. -'Extractive 
and i^rocess Metal lurgy*V is listed as one of seven areas of research in the 
department. There are five faculty members working in^ the area and two 
others who have a secondary interest* TVo of the facility members were trained 
as metallurgii5ts> the others received their graduate degrees in chemical 
engineerinR* About fifteen graduate students in Chemical Engineering are 
doioR research fn extractive or process metallurgy and an extensive array 
of graduate courses in tlie area provided for these and other students. 
There is also an undergraduate ^option* in extractive metallurgy within 
tht' ehemlcai Engineering programme, Thus^ the total graduate registration 
in extractive metallurgy Is larger than that in any other university in 
the Province* We see no disadvantages in having the group within Chemical 
Engineering provided they have effective interactions with metallurgists 
in other departments. In fact» there are some clear benefits to be gained 
by confining the skills and ideas of the metallurgist and the chemical 
tmgidet'r* 

The faculty members teaching extractive and process metallurgy in the 
Chemical Engineering Department emphasized that they thought of themselves 
as cht'mical engineers nnd of the graduates of the *optlt>n* as chemical 
en^im^ers with special knowledge In extractive metallurgy* The fncultv 
mtMnbers statt-d that they were not 'acrirptt-d' by the professional commutiity 

i'Ktnictive metal Utrs^fsts in Canada and that^ for e^xample^ they had not 
b^'t-n able and nc^w did not vi>;h to ptiblish their papers in Canadfnn metallurgic 
jciurnals, Howrver, the ^radtiates, both :it th^ BSc .1nd Pfil) levvl> nf their 
pro^ranmies appear tn i ixv\ no diffKulty in finding employment in the mineral 
and metallurgical Ixidustric-s \^here^ undonhtcdK% they constitute an important 
I'entrlbut iim to thi' engineering and ^^eient i f ir staff s nf these industries. 
(-:learlv> the industry rerogni*^»'s th»» v.ilue of the N^ption* tn^en if tht» 
'proft*ssipn^ does not. In our view the graduate programme In extractive and 
proci's>^ mt taUurgy witfiin the Department of Chemical Engineering fs a f^nvd 
pros^ran^e which should eontiner- to nreivv* strong support fn^m the university* 



; Thv v?nsln«?t^rlnR school at thi^ University of We^^^^ dt>srribed 
a.s tlit»,Faculty irf: Kngini.'^ Is ssnall . Al^thoUsh, tt contnip 

only aboiit ^-0 fxjcitltv moinbers* organizationallv it is di ♦«rmip«' , 

which rjef lect the divislo.nH within eh«? -e 

thi^Ht^ BJTial 1 >roups is tho i:iat<?r|ais science? sroup. There arvv frntr assoclatt* ■ 
prjofvs-sorj»t ;or?e^^^:^^^^^^^ ia the chainnan, ati4 pn^e fulV professor in tht^ - 

srouf^. Th^y of fier a •'Matorlalft Science Hpt ion'* ; in the tindergraduate programme 
in Engineering Science with courses in the third and fourth yd»r as well as 
more general, courses in materials deslRhcd for, undfrfiradvote enginet»ring . 
students. About 6 or f^' studt^nts ftradnate from, the materials science option 
•<^a<*h vearv ; Tn addition there Is a ■ inaterial s; s at- the . ^ -; ; .■ , , 

graduate level In vtii<?^i thvre are current Iv enrolled M^^ ^. W 

eatididate.s. Ait the ni.lster's cani3i dates will, take the dt'i^ree by thesis • 
and most ill continue to the PhD. There is provision for students to take 
the-^fKSc by course work alone hut «o sttidentsi in materials, science have eti'Cted 
ihlrt progranane. The group is well housed- in a pleasant huildinR and is veil 
equipped for undergraduate and j»radiiate teach Irtfi. . ' 

Research at the University of Western ^nt art o is orRani2e<J in centres 
that interweave internally and with local industry and the. medical vrorld. 
Most formal perhaps 1^5 the Centre for Interdisfciplinary Studies in Chemical 
Physics supported by an ^fRC Negotiated Development €rant. This centre Is 
lecaced in the physics bulding and is hea^ied by tht? Chairman of the Phvsics 
Deitartment . At present, the two ma [or fields of Interest are energv 
deposition studies for therapeutic uses and thin films. At least two morobers . 
of the materials science group are active members of the Centre, '^ther , 
P«^rhaps less formaily organi?:ed, research groups are those in Geotechnlcal 
. r.muneeriftg and in Applied Klectrostat Ics. Members of the materials science 
group contribute to both of these. However, at the present time onlv two 
raemherK of the group are actively enRa«?ed in research. One of the others 
U on sahhat leal' leave. The two associate prof essors who are active are 
carrying out productive and imaginative work. Not surprtsinRlv, thev are the 
two nerabt-ra of the firoup who interact most strongly with* and make slsnif leant 
contributions to, the work of the research centres for chemical phvsics, 
geotechnlcal engineering and applied electrostatics. Five liraduate students 
participate in cooperative pr<n%ra{mnt,s witfi indastrv. 

A student is required to LaV.** four h.i I f-courses for tlK' MF.Sr by thesis, 
hvr the Ph!), twelve half-courses are required, in'-ludinp, courses taken at 
th«- r^.ister's level. Six of the twelve courses have to he courses offered 
h" the proup of faculLv members in materials science. Twelve such courses 
jre listed in the Calendar for I^U-IU. Of theSi-, niy. courses .«re devoted 
to e>:periment:il techniques, "Snei-troscopv. X-rav Techniques and Advanced 
i.xp.-r imi-ntnl Terhn i ".tiew" and ff>vt-r tonl.^s vhieh usuallv are tausrht in a 
laber.itorv cov,t<o nr \n ronrses iiffered bv enviineer snv? phvsics departments. 
Thev are certainly useful courses for a student In materials science hut 
together thev make up onlv a small port of the core of materials science. 
'>ne of the sis remaining courses Is t;ntitl"d "Tlie lilstorv ot Materials 
Sc ience'." Tfjc other f iv*' are courses which, nor surprislnRlv, reflect the 



sntM^rvl ititorvHt^4 of tiu» facult^^ They will give the student a useful . 
inHliiht Into i^iTtaii? nHptH*ts i^f Tn.iterlitls Hcietiro htit the r*inge of suh^c^cts 
can f^idorod \it; fiV aVlov tl?e istuden^^ to s^l€*ct a halai^ct^d 
propratnmo In imitvciiil>; h f ar frcHRi adequate? . Th\* faculty mcin?>erH 
t»xprcs>?i*d till* V low thAt thv six courHeH taken outside the graup fill spme 
of tlK' ftaps bu wo could flnd ao ey idence of the existence in.phvsicB or^ 
chymi^itry of a sfxriif icarit numbt*r courses w^ich would be <in important 
contrihiit ion , to . thcvturo of matc'rials j^clonce-prograiOTe* The situation 
with regard ti- the cour^vs offered hv the facuHy materials 
sjcUncv jtiroup is worse than represented hv the calendar because^ due to the 
small: nuinher of students, manv of the courses are offered infrequentlv, 
Th«' >;ronp tr i to of f or eight half^-courso5i at the graduate level per year 
and a mr; h,ive at Ie^■!^^t f lve ^tudentH: in each course by attracting , 
studt^^t ^ lYom other p:rounH, Too f requently , it falls to achieve even this 
modest progranme,. The fnilure is not due to any lack of etffort in the 
graduatt^ programme • thi^v are good engineers and scientists who* un for tunat el 
find themselves; car rvinf^ /i^ Inrge procraimne for a group which is subcritlcal 
in..'5;t2e* ■ - • ' ■ -■ ■ - - ■ 

The existence of a f^raduate nrogranime In material*; u :ence Is not 
evident from ah eKamination of the caleod^ir. ThereVall . e graduate faculty 
memhers In Engineer inj2t ^?ciehce are listed alphabetically ar.f the courses 
are listed In huiaerical order* Some members of the adroini- * nation of the 
Faculty of Engineering Science with whom jppoke emphasized that the only 
Php pro^ramme^ In the Faculty is a programme in Engineerin : Science* They 
added that the active faculty men^bers in the materials science group inake 
an imtK>rtant contribution to Leaching In the larger progrararae. The course 
in ''Advanced Experimental Technlques'\ for example* is valuable to students 
with interests ranging over many different areas of Engineering fv4[:ience, 
FcrthcT* these faculty members make Important contributions to the research 
work in the Faculty and the University, particularly in gootechnica} 
^ng fnot. r fng4 ai^piri>d elertro«tatic?4 and chemical phvsies,. Their efforts 
should be supported to enable them to continue to make effective contributions 
to tho programme in Engineering Science* firaduate students working with them 
should hi^ encouraged to take a combination of courses which would give 
them a more gem'ral iiducatlon in Engineering Science. The restriction that 
reqtiires their sttidents to select six half ^courses from those offered by 
facultv In the materials science ^roup should be removed, 

l\V rt'conmend that the graduate effort be directed towards the 
( K r-ol^-ynnonr of strong interd i>^c i pHnary context rather than an i*xclusively 
rgatiT ials s<i Ii-nco programme • 



i V* ;r s it v n f W 1 nd so r 

rh*-r4- is a Departrnf^nt of Tn^t {n^uring Materials hut the ThD -progratmiit*^ 
in engInoi*r in^ nalt^rials ?kis ht.'vn ahsorbt*d hv the new divisional programme, 
nu* Kartiltv of i'MK inet-r f n^. Is small with less than iO full-time staff members 
>r.fi irj«Mit 7n r.rriiluat^ studtntr; nt whom U> arc candidates tor the Vhl) dt^gret^. 



The staff ,a£ th4> PL^parcwnt of Enfttnt*ei:i^ of thret^ 

full pmfejrsor^i (one ^^x^^^ from the Unlveirsl ty) ♦ one, / _ 

f ull^t itrie aj^soclat*? ^ ont' part- 1 line ^asi;ociati^ /md one ans tst ant professor* 
The tr ri^5?c arch interests v which riro ^1 

Include tiHft^l-^^ of phase transfortuat ions In 

ailovH^ st^rengthenltig niec^^ of metals and alleys 

and iireep of- siw ceramic- roaterU wprk in well supporti^d f inanclaU^^ 

by NRC and DRB and rt^nt of the projects are carried out with the collaborat ion^ 
and in snmt^. casefi^ tt^^ financial support of local (Including Detroit) : " 

industry. Much of the research has a stroni2;^nglneerinR flavour and 
Interact toils :bc»twot>n. the, faculty meinbers in Engineering Ma^ " ^ , 

in oLhfjr vnginvcring dt^parttsents are fr<?quent and effective* Throes members 
of llie Department are very pruduct Jvu , j udged by the it current rate of 
output of papers in re fex^ed journals* , 

The H^aduaLe prograinnie in engitieering, recently has been org^ni2e4 
Into Uiree divisions; Engineering Process Design, $tructur*^s, and 5ystenis. 
Each division of fers about 20 courses f roiu which the student can sel^ect 
_a progranme with the advice of his doctoral consmit tee. Faculty members 
in the Department of Engineering Materials^contribute to one joint course in 

the Engineering Process Design Division and five courses (including erne 

of the core courses) in th^ Structures Division^ This arrangement of 
the graduate work has -^not been in existence long enough to allow a judgment 
of ItH effectiveness to be made. . In this first year the faculty members . 
seem to be having more difficulty with it than the fitudents* Some of the 
older ^^taff find it difficult to divide their loyalties between the Department 
and the graduate division but thene problems are likely to disappear when 
confidence in the effectiveness of the divisions is e^?tablished. The- 
graduate students see the divisions as a meana of providing a focus for 
their studies and welcome the opportunity to be involved wlt1i a broad 
spectrum of engr^neering research. 

In our view the divisional programmes have been put togetlver in a 
logical fashionv Each division provides a good coverage, of a coherent area 
of engineering and the teaching and research of the faculty meinbers in 
Engineering Materials should make an excellent contribution to the work 
of the Structures Division. 

We recommend that the efforts of the faculty members of the 
Department of Engineering Materials to integrate their graduate work witb 
that of the ^l^^-ffisions of ^^trnrrtrreg; nnd of Engineering rrocesf; !>c«=^1gn 
shiiuld ht ent-oaraged and supported flnanriaH v . 



Inter-^-Uolve Province of Ontario 



An^^xch^tige schejne for Kraduate courses^ already extiits Iri Ontarli^ 
Chrougii which students regis tered^^^^ untyeraity iwiy tak^ courses ■ 

offered at another university viChl^^ Province^ The arrarigec^Tit 
requires the concurrence of the graduate faculties of both universities 
and tht^ payinent of an Inter-uniyersity course transfer fee. Similar 
facilities for course transfer are available in the^royince of Quebec^ 
Such arran®?in!^nt seems^ t<? us to be a desirable -^^^ be ^ " ■ 

part icular ly benj^f Icial to students in neighbour Ing universities. The , 
potent li%l for th^ pQollrtg of s<n»e specialties^^ ejcample in the 
Toronto-McMasCerrWat6rloo trlanglet is one that is apparent and consideration 
should be given to making greater tise of ,the existing machinery for these 
transfers/ Examples of existing specialties which could be pooled between 
universities arie; non-ferrous extraction metallurgy at TorontOj^ ferrous 
eKtraction isetallurgy at McMast^tt courses with a. Materials Engineering 
flavour at Toronto and ^^aterloo, and courses with a Mat^artals Science 
orientation at McHaster. The complesientary nature of the offerings presently 
available is striking and it seeism to us that graduate programmes of 
higher quality could be assembled at th^ individual universities if more 
use were to be made of the unique and specialised courses now taught at 
various universities within the Ontario network* 

In addition to course transfer, it appears to us. that much would be _ 
gained if a TV talk--back network were to be made available to the universities 
that We visited. In such an event, travel between campuses would be 
eliminated^ (an advantage in Februaryl) and students in the universities 
bc^yond the Toronto-Hamilton corridor would also be able to participate. 

Tht* expensfci involved in setting up some of the newer experimental 
fv^cilities in the materials area raises the possibility of shared or joint 
^centre?? and laboratories* An example of such an instrument Is the projected 
scanning- transmission electron microscope, which wo%ld appear to be a good 
candidate for tnter-univarsi ty supports Once again, the Toronto-McMaster- 
Waterloo triangle comes to mind. However, as an alternative to locating 
thv facility at one of the three universities, some attention should be 
given to the use of the research * campus* at Sheridan Park, which is so 
centrally located. 

We recongnend that more attention be Riven to inter-uni vc rslt y 
roorx^rntion in th^ »<otn11ttrRy nnA »<aterlals field itt Ontario! such 
CO ilahotat ion could take the form of coordinated course transfer at the 
graduate level, of the use of a TV talk*>back network for graduat e 
instruction and seminars, and of the shared construction and operation 



of expenHive research farilltics > 
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universities to ACAP* They are not reproduced in this report 
but are available at the offices of COU. 



APPENDIX 1 



Ti*ms cff Reference of Consultants 



C')ai^iUPT tlu' two special docuneuts related to tte co^ ar..s<r*sB- 
wentV in .Kusineeriag^^ yi?. EnninerrinR Ph^i). Planning and Asf^essiuent Procedurci«» 
Siatenimt on VHAU SLiiaioiJ in Ki^v^n in Ontario^ and tK? 

|n> p.iTi a by^l uj iiiti^ miivx!ri5itlvs ^ind i^f ^ntiv. r ^dnta they 

coj^u^K of ^'iliuK of Ir^Mi''^ the COU jt^tatvu^nt thorcan^ and the COmi, Of:Gj; and 
APKO r<>55ponijeii. They rriy obtain Uata an<l yiev.Tv fropi any i-i'lev^nt sioutce^ r.uch :, 
as • for iinploi cinx>lo>vrs of holUers uf graduate degrees prof Cbsi vi^nal niid 
lt'arn?d r.orii^tio?;^ dvra! ngencini;* The caT;inff; of each intrrc^tf d univorsi ty 
5;hair be visiti.^d by itt least tv'o cpnfjullanti** Con^iultanLs ^nii^-ll arraiir^c: th»^if 
fichcdule of vi>jiis to. t:h(:r nnivoxtiitius. in coin.ultat ion with ACAP to vusnr\f 
uniformity* Reports of rtpprair.al conr^ultAntn are pri vLlt>i',f4 docunfut*/. aud are 
not to be r^ade available to ACA)? cunHultants. Conr.ultantrj ishall txcel with the 
disciprin^> K*'oup m-at tf^e ibcginniui^^^ the wark, durin;; the vjrk n-. thc^y etmr.uU 
Tu>i-or..;ary / and inir:oa i.i t ht^forc pr^pariiif. ihs-it final report. 

i 



K -iort in\ tlu: adeqaat v of hh<^ prt'i\ynt^j}:T^iy i^f doctoral work in ^*netallurRUal 
eurJnt'i^rinr/* inTiia provrnce in 'K^ucra"! and in each unlveiraty where nppl i<aMe^ 
disru.,sinn t!ie Collouin,^: ; 

it/ covera^>- of i ield.^ and sp^c inlt iciJ, and extent of aetivity in fach 
^. faculty quality ;inU quantity 
.c. n.iture of prof,iM! i offi^red 

a* tnro!r..4\r i^ir-i .»^.a aisLribution aru^nj^sr uri f ver:: 1 1 J and divinion:; 

c* quality of student body; ndniission requlroDf^ntn 

f'. relationship to related di.sclplines and to the profession 

phyj^ical facilities 

h. ol'hvr i::atter.« cr»n>idered hy the coniiul tnntfj to he f?ip,ni f leant . 

I" . •>»/::ier..I.it in-i^. f..»r thn di.vi:] ^pt nt of d'jrroral v.irk in fic1J:» of 

lUiu a:;rte-;firaMnt in Oatarin hv*t'.\'.'n Uxd ll*78» taVJu>», lutt> eunsideraL ion 

such pl/'ir.ri .IS :*.t*y be devr*lnp<.'d by th*^ Di^fipline Group, anj, vHthoitc linitin/, 
t'iv^ ^>»nt»rality of t.h^ forecjoinf;^ d\. a] iu;; vit.h Lhv foll^winj; pMint:;: 

a. Desirable doctoral pr^'T^rarr^es to bc! offered In iho province, considering 
both pOHslbl • lirri tat i anr^: or red'jcii-Tis of exii-tiui'. prop,r;:r];ner. and 
crt:aticn of r/.v: prc^;^ra:r.'nes and n-..v: kinds of pr^vr^^r.^•^: includiup, 
the appropriate ot part^-titn^j prot^^^aiiftes ♦ In parti eul^^r^ consid^^r 
if tii^jre ;i:iouid ::L'juld h'l t.jtj activity ia lieldf; nv.; pro'lu^:iIl:; 

fev j:r^du<ites Ln Oniririo an.! tilco t!.v' desirability of devtflopiiU' furthr-r 
fippl icat ion--or i fited and ialer^d I :icipl inary work cutcl indttst rinl fnvolvc nent 



b • l){;:iir nhle provA nc inil enrolt:!ents , year by yearly in the doctoral iitudy 
In iBetall^^^ engiuaeripg ^nd In the major sublect divisions where 

•ii>proi>i iatc% ,0:vc': .shoulil Cijn;iic!er the. need f or Ulfihlv tralnod mappiwer 
mid al^a Xho, gcnoral cultural and societal factors vhi(jh nay lead Students 
to pur£;iii2 da<!t oral work in cngiiKering* In considering r.aupowat needs, 
ox%v should take accoimt of the "markut" aviiilablc to graduates 
Ic^ia all ivC CUnadi)^^^^^ ot supply for that jnrlcgt^ 

. Koj;ultf5 ol forcn:ayrs of in^ cmployj^^nt should be treated 

vitii uue cautiau 3u:i oniv in a cic-ariy t>alahced relationship with 
■ ■.cultural and socii!tal ui^JcJii*:. " , ,. . 

Disttribution ancng^^t the universities of responsibility for pYOgramnes 
ami for spi^ciaiticti v-'lK^re appropriate, including consideration of the 
{loed for any increafe;:: or decrease in th*^ number of 4epartinents offering 
doctoral work and includlny, consideration of areas of collaboratiba 
^ aitd :>!tarirf; of faclliLios at regional level and across the province* 
* Consider tctchniques for ihvoiverr.er.t in doctoral supervision of 
profcnsors in d. partT.t^nts which do not take doctoral studiBnts in 
their fields, and the extent to which such activity is desirable* 

d. Distribution of cnrplTnent attongst the universities, showing desirable 

\ rnnj^e^H of cnrol;:.ent# - - 

In nil ca^::^n, it iu iirportant thnt the rationale for the recoiLnii^ndatloas 
be clear; this is especially inportanc for items and d* 

It is permis^.ihle for con?Hiltants to recommend appraisals of individual 
pro?;r:irjruv.;/ Tliis would arise if consultants were to suspect that a 
prof,r.|rj;c wuld be found to be wholly or in part bolow niininuai acceptable 
?itaiu?c:nlr»; and appraiijal by the Appraisals Cotnmittec is the means of 
settlii.;: tlie question. It is rccof.ni/ed that this nc^tion would be 
inl i\ ^;tu*ai . In . carry iiifj out pj*K^nirtg assus^fnttnts 

in */^:-e di^tciplines, co?uni It ants find there to be an i*Krens or defleie^ncy 
of pro^ra;.:: .^s in a yjven arra of study, where all o£ the existing progrnmmoH 
oould pa^s an aporaitial, thev mav. subiect to their own judf.ments of relative 
qH>liiy .iud of other factors (a task outside the terms of reference of the 
Appr.ii6 »lN Conni ttiri») > recurixnenM w!:ere enrolr.iont should he changed In 
accord. o with the po^isibilit loii indit:ated in section C3 (c)^ 
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Report on Doctoral Studies 

./ , ... in ■ ■ . ^ ■ ■ • " . . ■ 

Metallurgical and Materials Engiheeri^^^ 

in "the 
Province of Ontario^ 

INTRODUCTION 

This report h4s bee^ prepared by the Metallurgical ' 
Engineering Discipline Group,' which includes the Heads of 
Metallurgical and Materials Engineering Departments in the 
Province of Ontario, viz., McMaster, Toronto, Queen's, 
Western, and Windsor. Its central function is to provide 
the Consultants to ACAP for Metallurgical Engineering planning 
with the Discipline Group's collective views regarding the 
■plans for doctoral programs in Metalluraical and Materials 
Engineering in the Province of Ontario, The presentation of 
this report complies with section 3 of the "Engineering Ph. p. 
Planning and Assessment Procedures*' document as drafted by 
the Coordinating Task Force, which stipulates that each 
Discipline Group prepare "...a report on Ph.D. activities and 
plans in their discipline area, noting both apparent conflicts 
and gaps ir both areas of specialization and enrolme 




SUiWRY OF INSTTTUTTOMAL STATEMENTS 
A suiTBTtary of the institutional plans, ta^te / 
aifjh»aut>tiGai.order, is gi.vi2ii below. The ma^ or. research .- 
programs now in progress, at each instituticw are cattn^orized 
under the three principal sub-disciplines: Extractive' 
(Ciiou'.idal) Metaiiurigy J Pllysical' and Materials' 

Research. The noAubers of full tine equivalent MiA.Sc.'s, 
Ph.D.'s, and P.D.F**s or R.A»*s (Research AssistantsV are 
also listed opposite each researcli program to give some 
indication of its relative importance in the Department. 
In :jeneral, the 5 year plans as reported by the various 
iiiKti tut ions tond to project the research now iii progress, 
and are based on the assumption that the current financial 
c-on.-it ra i nts will not be substantially alleviated. 



MC>1ASTER UNIVERSITY 



ExtfactivG ^Chemical) Metallurgy 



Pyrometallurgy 
Hyd?-OTOetaliurgy - 
Qjfidation.and Corrosion 
Mineral Processing , 



Phy s tea 1 ^^o ta llurgy 

Phase Tro^ns formations 
Solidification 
-Mechanical Properties 
Alloy pevelopment 
■Mechanical Processing 
Diffusion 
Powder Metallurgy 
Metal Joining 
Liquid Metals 

Materials Research 

Polymers 

Ceramics and Glass 
Metal Physics 
• - • Composites 

Electronic Materials 
Biomedical Materials 



M.A.Sc. Ph^D. P.D.F* and 
.— — k.A. 



3 
3 



4 
1 



6 

3% 



1 

3 



1 
2 

1 

1*5 



1 

mm-, 

3 



1 

2 



2h 



15 



19 



er|c 



) 



QUGENVS UNIVERSITY 



Evt t a-."ti- (Chemi-cal) Metallurgy - ■ 

„rV'ro"«otallurqfy_ , . . ■ . - _ 

.i.;^ -tire- )o. tall, u ray ^ ... 

IrU-ct.ronietai lurgy . - 
Corrosion > Oxidation 
■ ;>;;ral;- Procossingv' 

P :r/ :^ i 0:1 1- Mt ^ t a 1 1 u r gy 

SQi,iUi.t ication' ■ ■ 
riiaso Transformation in the ^olid 

• State 

' *K*.'[ianical Properties 
'M lr?y Do -"(^ lopment 
'1: ciianical Processing 
Di f usion . . ; 
Pov:i(jr rietallurqy 
Joining 
. I.inaid Metals 



Ph.D. 



I- 

1 



2 
1 



P.D^,F> and 



Pol%n^r*rs 

Ceramics ami Glass 
_'::.na)osi tes 

*^ 1 i Physics 
i.l'VTtronic Matorials 
V : '.-r^c'ciical Materials 
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ITI4IVERSITY OF TORONTO 



■ M.A^Sc. Ph.D. P.D>F. and 

Extractive CChgtnical) Metallurgy R,h, 

Pyrornetallurgy --V' V ' ■ , "■•■ '.■.$■■■■.„ ■■•■"'■ ■■■ •,:'4 , ■• ^2' 

electromettallurgy 4 2 2 

Hydrometaliurgy 1 . ^ . 

Corrosion' ,;• : ■ , .. .;. , . „ x 

Mineral- Processing ......... _ , 

Process Metallurgy 1 _ ^ 



Physical Metallurgy 

Phase Transformations - 2 

Solidification 2 2 .^^ 

Mechanical Properties - 2 - 

Alloy Development 1 - 1 

Mechanical Processing 2 - - 

Dif £usipn 1 - 

Povrcicr Metallurgy 2 11 

Welding - - - 

Liquid Metals 1 - 1 

Materials Research 

Ceramics and Glass -» 2 

Polymers - - 

Cbtnpbsites - l 

Electronic Materials - - 2 

Biomedical Materials - - 



TOTALS 23 14 12 



r 



^:j.ivi:R5ITV OF: WESTERN- .ONTARIO . 

;:V MVa,Sc. Ph.P > P>D.F> and 

i - y y vChi?mica;i>; Metallurgy ■ : , R->A. — - 



^"^•ri '-l Tt:icn and Corrosion (includinq . 

■■vn*<M ai i'ro'ceissing (v;i th tlie ' 
iilectrostatxcs Group - by 
■ :;iv-^t:rnstatic Processes) i 



i M.'ir^y' .;T,ra-nsforn^3tions ■ ■ /' *: 1 . ■' O-- .•\ ■ ' Q 

N. ' :io-.:ajnical Properties 1 0 0 

\ W-ar ' " 0 0 1/3 

" ■ < ■ . \ 

\r trail ic. Materials .{Eleetr ic*|^\ and . 

Ma*:nt^tic Proportie!^, of Thj^^ilfrs) 3 2 u 

. '* .J- .V. ration ^ 1 0 



5 D 3 2/3 




UNIVERSITY OF WINPSOR 



Physical Metallurg y 

HcichanlGai Processing (Therrab-^ * 

meelianicai Processing of 

Non-Ferrous Alloys) - 
Mechanical Properties (Defonnation 

PFocesses and Fracture in 

Solids) 

Solidification (Nucleation, Crystal 

Growth and Segregation M^hanisms) 
-Diffusion 

Materials Research 

Ceramics 

Bioniedical Materials (Dental Alloys) 
Electronic Materials {Electrical and 

Magnetic Properties of Thin 

Films) 



TOTALS 



COMMDNTARY OU PLANS ... 
Rofjo.vr cJh' Pro jocti oris : 

As previously indicated, the statements as outlined by ■ 
the various institutions and summarized in this rep>ort are 
osscnt ial ly projections of present research programs . These 
programs are funded principally by one of two sources: 
qoverrtment bodies (NRC» DRB, AEGL, etc. ) / and industry. In the 
case of government funded projecta,. continued, .financial .support 
is dependt-nt on the favourable recommendations of a special 
committee which looks into the significance and revelancc of 
the rcsoarci^ and the competence of tiie grantee in question, as 
determined primarily b>y performance records. In the case of 
industry funded research, the support is based almost wholly on 
the relevance of the research to a particular industrial 
fjroblem or goal, as well as the demonstrated ability of the 
granting to direct or perform the research. Thus, it is fair to 
say that the research programs now in progress, along with the 
corresponding student enrolments, are not characterized Ly 
o\"'^->rt*nphasis or redundancy in any particular area of 
specialization. Overempluis iM or redundancy cotild creep into 
certain broadly designated areas of government funded 
researchj hov/ever, even here this possibility is remote 
because of the screening processes to which all applications 
for research arrnts are subjected. In the absence of any 
tl'-tai iv'd fi^-Tiires on n;ifjp{:jv;«?r and i t?source allocations, an 



well as other economie factors/ the Metalluc<yical Engineering : 
Discipiine Group is not prepared to niake any categorical 
statements regarding gaps in areas of specialization, although 
individual members of the Group m^^ have personal views oh the 
matter based on their limited experiences. 

Projected Student Enrolment: 

Kith regard to the projected student enrolment in the 
doctoral programs, the Metal lurgicai Engineering Discipline 
Group takes the position that the desirable number of Ph.D. 
students within the Ontario System is predicated on two 
plausible factors* One is the number of Canadian students 
Who want r i»e., have the intellectual need for, this 
education. At present, and in the foreseeable future, it is 
unlikely that Canadian student demand will produce a 

- . 'i 

sufficient number of Ph.D. studonts to accomiriodate the second 
-factor : the number of graduating Ph.D. students required by 
our society. In the past, this need was mainly for university 
teachers and for research in the more sophisticated technologies 
of piomc of the government research laboratories. At present and 
lor the ne>:t five years, the main need will be in industry, 
vvhich is now recognizing t\\o increasingly rapid change in 
technology. Either foreign students must be brought into our 
Ph.D. programs or industry must hire foreign Ph.D. graduates. 
It is recommcndod that the present number of Ph.D. students 
enrol led in tho system (approximately 50 see totalf^ in 



Inst i tut ional tatemeu ts ) maintained oyar the next 
fehn^o y*»arB for ^iupply to moot anticipated dc^maad," and that 
this. figure may have to be increased in subsequent years 
depehdlhq on the job sitaati6n,F especially Tor students with ^-^^ ^ 
a non-\costorn background. At this .time the Group feels it 
es^c^nt ivil to put on record its col lective experience that 
Pha). .graduates with a non-^westerh background are considerably 
more difficult to place in industry 

Educational Goals and Style: 

The <?ducationai goals of each institution are^ in 
aenoral, similvir and only vary slightly in their wording* 
Tho principal qoal is to dcv^elop the student •s potential for 
dof inina and i^olvinq con^plox engineering problems^ which mojft^ 
and norc require interdisciplinary approaches. The styles 
in which the stated goals are to be attained vary of necessity 
frorn institution to institution, because of the different 
structures of tho respective faculties and varied backqround 
and interests of tho faculty, 

SUM^mRV 

rhc proiocted research plans and student enrolments in 
t*.*"^ jL' iJucit*^ pro';raniH Toi Lhi* various institutions , as 
summarized in this report* should not be taken as irrevocable 
Commit tmi^nts to research only in thost> areas and at thi,» 



experience of tlie faculty members permits considerable 
flexibility in the choice of research projects, and changes 
can and will be made should national or provincial priorities 




Tnble shcntfixig the steady-state populations of graduate 
students and post-doctotal scientist and engineers 
t>xpectt?d in Ontario bctveen 1973 and -1978 classified 
by the materials studied. Data from Appendix 2.1. 

MASc PhD . Post-Doctoral Fellows 



Extractive (Chemical) 
Metiillursy 




19.5 




Metals (other than 
extractive met,) 






14.3 


Ceramlort and Classes 


4 


i 


5.5 


Polymfrs 


0 


i) 


0 


Electronic Materials 


3 


3.5 


3 


Composites 


1 


2 


0.3 


Biomedical Mntt-rfals 


0 


0 
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TOTALS 
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APPENDIX 3 



table 2 showing nunA^ers of PhDs on AECL s;taff 
at August 1973 by dacv of appulntim^nt 
and by date of PhD degree 
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Hotc the dif ferent pattc*rns and In particular the ' 
relatively rgccnt growth in number of Engineer PhDs» 
AsteriCH indicate numbers still increasing significantly. 
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For release: not before 
4:00 p^m*, Thursday, 
December 14, 1972, 

Employment of New fh*D» Graduates 

.: .., 1971-72 ; ..: . .-. ... . 



There >iave been recent reports of current larcc scale uncipj^loyiueat of persons 
holding Ph.D. degrees, as well as forecasts suggesting future employment 
difficulties. These speculations are not substantiated by the actual experience 
of recent doctoral graduates. 

In 1969, the Ontario Council pn Cr^J^^te Studios cpllcctcd inforr^at ion about the 
first cn)pla>TU'Ut of all those who obtained Fh^D.'s in Ontario in the preceding 
five yours. This infortnation 1ms been obtained each year since for each new 
Ph.D» lit.t yc.ii osuJ thi ' l^^-^r teas extended to covi^r all of Canada. 

Ta^Mi": (attarhc^d) n^*-*^' ^^'^^ facts for tW 1971-72 acadesiuc yvar and compare tlx m 
with r • ff^r r whirh vm-: a period in rhich ir,or>t uow 11kD»*s had a chance 

of ftcvrral attr.u-t ivt* job ofii i The f ollowi u^; .sumnari Zt the* m:iln points 
brou/,:;t vK!t in tiit'St* lablcM;. 

In ipost universities the information was collected when the student tuinded in 

hla rhr.-^ir. to t\u graduate rchooK At that tirao, i*iuc-t> -six (OG) i-cicent of thxs 

Ph.D.'s had Jobs. Of tho renalning four percent (shown a*i ^^xinemployed'* in the 

. - i 

..tableti), i^orie will since have obtained vniploynront > some wi*re,not actively i;et»king 

,empl<»>t: 'nt > and t^^ozic arc no doubt unemployed. This is esticntlally no change Irom 
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last year. In 1970-71 there were 1446 PhiD. graduates in Canada of whom 72 did 
not have Jobs when the thesis was turned in; for 1971-72 the corresponding figures 

are 14^6""and" 53'* - " ' ' • ■ ■■ ■ 

The unor^ployrnohr rate of new rh.t>* \s is, therefore, less than four percent^ pf 
course, this is? tnuch higher than the rate' for the whole stock of Ph.I)**s in the 

pc^iili; t ancl t f our porccnt f i^^^ ri Vt be <!oinp3rcd with the six 

pcrci iiL. ^^ r.w-ral inc.;::plo>%i :ir" rate: in Canada, buL rather with l1:c tv^lve percent 

r.- 1 ^- <^f :t l-i-.'-yoMt};.;- 1v in tho ^^ /i^k To.fce. - ■ .- , - 

• _ . . ... . . ♦ .. ,. . ■ ' 

yi*..ori- in a period of general cn;plo>T:ent difficulties* It is evident that in 
r!;'it f r.irA'Vork, the doctovil er.iployment picture is f.ood • Even if it were not , it 
v-ii::i :o un*.;:sf to reduce new t^nrolru-nt on the bai^is of the present business 
clirntt > sin.:e tIioi.i.- nov; enlcrln^; Ph.D. studien will not emerge for five years. 
Siiirly not to plan fiv<j yoars nhcvid on the assumption of cuntinuvd business 



- — i'- i: Y'lri rrl [ .\ ^. \:hAt \: ' .'■ }o\>r. those nt*\.- Ph.D-.*s haVs:* r ^ktiii- In 

■ - ■ r;, y^iXUrii hAi\ i^Axidcd only sli:;hlly : >\ '/i the boom y^^^ars of the lati- 

*:♦.: N " , Ti:on, u v;, ihr. vii^t ./ijority are dfjinj; worthwhile thin;^i? appropti 
t !.! ir.Vf-t : ulo in ihr^ir rvlu^Milon by rliu-' r;,. * 1 vi'S nnd by the coniniuiuty- 

: .^i r.rtieiMbii. t;hifts are a dccreaco in university teaching; and in industrial 
cnploy; tnt» In 196^-09, forty-eight percent had university teaching posts as their 
• fT; : * -^loyzr^ul; thir. Vc.^r rha fif.urc war; thirty oi>;Vit percent* InJustriril 
T *-vl^y uf Ph.D-^s has ui.vor beon inportant a factor as one miglit hope. In 
the f;txtie4 It accounted for thirteen percent of tht^ grndu:itcs; lart year this 
ERJ[C niin.lu'' fell to nine percent. Also stable is the fraction obtaJnlng postductoral 



research fellowships* These postdoctoral research years are a normal part of 
the career pattern for those preparing for careers in university er government 
science. One quarter of the new Ph.ti;*s are still following this route just as 
they did "In the 60^ s. An Interesting change is that whereas two-thirds of these 
fellowships were held outside Canada in the 60*s, this year two-thirds were in 
Canada. In part, this tendency reflects the growing reputation of soinc dGpattmcttts 
in international -science,-' . . , . v- 

The drop 'in university teaching and" in industrial einployinjnt is ir.ade up mo.sfly 
by incriMscB in the perccntaf,es engaged in a variety of occupations shown as 
"Other", as well as by the increase in "Unemployment". The "Other" catagory 
include:! t-r-ipiaytnent in business and finance, self-employnvent, consulting firms, 
high r.chooi ttMching, school adirJnistrnt ion, aud, no doubt, a variety o£ other jobs 

There are interfsting figures concernirg the geographical location of the rxcM 
rh.D.'s and hov; this varies with ir.nrigration status. Data is not avsiLible under 
thJs he.. Jin;; lor all v>f Canada, but. the Ontario figur»':i ur.' thought to-be typical. 
Of' tht Car.;Klian c it i r.oi<i> , 85" .- r lo-tt.-d in Canada, as are G5Z of thoso -'h 
landed i:,nli:rant st.itua. In contr.^M, 69?! oi those on stod.nn visas arc lo.- tt.a 
outsido fawada. Cent nry to what t^o.ne have suggested, LhJr. s]iuv.'<a a si i:ni. f i; aat 
diifcretKi^ L. tvecn tho-e with landed iaamif^-.rant status and thoae on student visas. 
Most l.iuded i: Mi f'.rants intend to i cr.uiin here, and the- data show a high retention 
rate in Canada of potentially valuable citizetis. 

It is also apparent that the trainin- in C.iii3da cf those on studc-nt vi^ias is a 
contribution to our international role, for of the 69' why left Canada on 
graduation, 70" returned to their hon*. countrler.. An equal uuniber remained in 
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Canada^ and very few went cisewhare. ThusV one of two tilings is happening to 

tho:w>. borc..a« f(>rci r.tutit^.atjs. Elth^vr! .Canada is .retain.l.n£ the services of the^ . 
people trained here or thay ar^ returned ti? their hDineland* If they Are from a* . 
d^velvipihr/ country this^^r world progress. 

If they are fro*Ti an Inclustrlaliy developed area^ they represent a part of the 
Cnr,^M.\r. ralv in intt-rnat ional scholarship* The total number of those on studcjrit 
vlr.is eievv-n p£?rcant v^f those graduating. This is an adequate but ninimal 
l^*::-} c: [..'^ l^:i-vu}nt i^r .i ^-auntry like Canada on thu intoriMtional university 
r ' n *. It r.ay bo noted rh tt in 1970-71 tht> total number of Ph;D* degrees ai^ardod 

i:; r^n "i : to pjL-rsons i)f all nationalities was." about 1400; in the fl seal year '1971 ^ 

I '. . ■ . ' . . . . , ,. . . ...... 

In Hnit^^ I States tini versit ies alone, 528 Canadians received Ph.D.'s and fifty-five 

cf thcf.i! returned irjr.odiately to Canada* 



r :_y he furthL*r £:};ifts in doctoral erf^.ploynent areas over the next year or 
1*:.' r- r v/ L'j a lvir>> r nun.bct of pc-ople working in less traditional fields, 
V.V n ! this as dt:sirault , but ve also consider that there are unlikely to be 

• ' ' r;...inont rJiift-'» !.; io>T7.tMit, The ^.rnduatc schnol enrollments have* 
•■• ;r / : - ij ..le-eJ, in froirje fii*3dr» t!a*it' ,< : n-f i . .tt a/us t5uit 

• : tu.it^r.t.-. ar*' ujv i^nterinj^ to. provide the needs of society five years 
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MKi^VUl'lUJiVAL AND MATKKIALS ENGINEERING niSClPLINK GROCr 

■ ^ ■ \ •■■ ■ * ihB ■ _ \ ' 

. RK'POItT OF THE. ACAP COX-ii. ^::\:iXS ' 



r Thij following is a commen^tary on the apparent ptjllosophy or criteria 
u.^ed by the consultants In making their reconimandatiotis contained in the 
repcvrL, and ^t^rvfs as the Oiscipi ine Group's exposition of its own 
plhiloHophy or criteria on which the comments, criticisms, and recommendations 
in Lhi<7 statement are basedv - 

(I) Irtlerprecatlon of **Hetailui:gical Engineering** 

In tlic report metailurgical engineering is subdivided into three 
principal parts: extractive (chemical) metallargy, materials science, and 
materials engineering. The differentiation of the latter two may be 
regarded as discipline-orientated* and this l^ads> in the opinion of the 
iH5cipline Group, to undue emphasis in the report on broadness at the 
expense of depth in PhD programmes* thus the report recoinmeads that the 
student should have some exposure, mostly through fdnnal courses, to' all the 
different fields of materials, as well as obtaining a good background in 
applied physics and applied chemistry^ It is the consensus of the Discipline 
(;roup that the opportunities for this type of PhD graduate in Canada are 
limited. The present state of industrial development in Canada is still 
Lirgely directed to material*? produeing rather than materials using, and the 
need is largely for graduates with a more specialised or career-orientated 
ediication, e.g. extractive .metallurgy , physical metallurgy, ceramics, 
polymers, etc The nK>re broadly educated materials engineer or materials 
srientist^ as envisaged In the report, may find more need for his services 
in the puIterial^^ nsinp; industries; however, even here a considerable degree 
*if specialization will be needed* 

U is the point-of-vleur of the Discipline Group that a goad materials 
enf^inet-Liiij.; programme must have some materials science, and the reverse is 
ils»^ dfsireahle. Moreover, there Is a wide range of subject matter and 
ri.s^-.irr!» which cannot be classed as either science or engineering, and thus 
.the dif terentiat ion between the two as developed in the report can Ouly be 
ti In .i most gener.-il way. It is impracticable to attempt any strict 
r fa.is i f iv.ii ii>n of a specific research project or course according to the 
s^:i»-n**f or eujjjneer inj* content* 

iJ; iije Supply and Demand for Manpower 

The report makes a clear and well r.:;bstant iated refutation of future 
I'iiJ manpower .supply and demand as projected in the Ring of Iron and the j 



it • I hii.in .U^dnt^t -^'^ ha^4 a strong; ? ri.-jiuiicu agaiu:.; 

■ !.^v;i.nv. i <HhiA; i>in" Phn i^r • of Aslau iu"i>viii v . 'i-u^onunends • • 

tin ^ ns ifv in .• , • : : v>r l b i w* - VUD st lui^.-nt s from "C uividian undergradu.it 

liu J tvitsUig sj-ayru^rtt to H^uUv^ut Sv .on ^ the collective 

cxpvr ivnvv ^y;' t }ie iiisc i^pliiie liroup tuiiy i>;rcos^wlth^'thi'' ■ " 

r^^-port anal /^xiH of mi s^rv' nKinpawer requlrciments in mutailurgy and 

!:VU;or i,ils, ^ind; ii^i^ its siiiii iar experit?n.ce regarding the ; 

••!,.uonionT"i^f r gra■d^ats^<vwith a' nan-u^^^ in Industry . - 

(si^v Uisc ipi iru* {ironp* s. repor t, DoctMr'al , Studies in Mc^tallurglcal tuyd . 

M. rU* f i a lj> iwxi r i ii^ ■ >. . Tliu ttiscipiinc (^rpujj strongly /endorses the 

rf. anineudat ion that the, ci.ivirts to rcjcrult Canadian* students be ; . . 

inu*ns.if ivd, and that pavr^'ut to graduate <itudeut& be substantially 

Liic iva.^t d* 

.. The repo/t^ H rcc0mme.ndatipn f or . inctt^asing the total PhD s^tudeiit . 
pinuil rit;ian is mctiiliarfiv and i^iaterial^ is qualified by . the »3itatenient that 
*!i:ioKt of the iier^fssary sub>5tantL^l increase in the output of PhD's should 
bo from dt'partmont witii comprehensive programmes in tnaterials -engineering 
ur materials scienc*^ or botfi". While it is to be expected that most of the 
increase will oome from the larger departments witii their correspondingly 
larger student papulations, the Dificipline Group recommends that the 
smaller departments with established PhD programmes continue to make their 
prapi?rtionatc cunt ribut ion to tlie total output of PhD's# This recommendation 
is nade in explicit recognition of thci unique and significant rolu of the 
sfiiailer school- in graduate education and reyearcli in Canada^ a fact that 
has been lar>;ely ignored in the report. 

i.i) ihe equality of the Educational Experience 

The report compares the American system with the British system for 
i:raduate education and comes out clearly in support of the former. In the 
American system considerable emphasis is placed on formal cburses, while 
in thu British system the graduate programme is centered around th*; thesis • 
It is argued that a good PhD programme requires a broad range of formal 
ctvurse:^, wh^^ii can be adequately provided only in large departments > and 
man-/ of the recommendations in the report clearly reflect this philosophy* 
Si^^.ulf leant U% Imwever* the report does admit that ''no obvious correlation 

5>i-twi'€^n tlte performances and achievements of Phl> graduates and the 
%vst»'f^ in whii^a thev were educaCed^, 

it Is the L:.Mistrn.sus of tiu^ Discipline (.roup that the Canadian systo.m 
a! >:r iJuate odurat ion^ which falls somewhere between the American and 
Urit ish i>ystcms» ^.trikt'S a better balance !>etween course load and thesis 
vrjpljasis* I hi- i'.atiadian PhD prograrmiiu is {iiore specialized and career-oriented. 



uui tro iv*4uir»:s ]\*^vr {L>rm^l nsi^s when v:.-mparaii to th%* more disc iplim?-' 
or U'Ulatctl ^:iu-ri .il s prop,T ^'•^'''-^ IS isnvlsaged in tiie Tepr-^* These can for 
^\o^t part hcv .4ci4jquaieiy jn. vided in ^mallur dt^partments^. partieulg^rly 
1 1 liu-ro ^ ^^s-rv .int€*gratlon\ othe^;" w.;i>arlmonts in . ; 

iVw .nrruit\: physical iTti; la Hurgy vlt^^^ ... 

cstraot ivo x-i 1 aUar^y th r : : . ^ 

prjy^r.umni* ^mi ri?eruitnient af staff to teach iind*^rgraduate prog ramroeii and : 
admi t^^v '-that muKt: profe^isors with a strong interest in research are 
luU ikviy ti> content ta work In a pXedomiuantly uuider^radu*^te enyironmentV. 
It is tiit! vivw irf tiie' &isei pi int' Group that faiiure-to recruit and retain 
a proportion of faculty members with strong research interests vtll 

ultinuittjly havu a negative affect on t tie undergraduate prograraae, for it 
Is thruui;h tiio coirrecrt combination of teaching, research^ and pt'pfessibrial 
(aliut that vigor and progress will be best assured* Finally, the 
Ai>sv^timont and planning of graduate programmes cannot be entirely rational 
or realistitr if done ia isolation to existing undergraduate progranw>es and 
i>riorUic!H. In this regard it is questionable if the proscribed terms of 
rctcroucf for the assessment, i*o. limitation to doctoral progransmes only,. 
havAV rti>t prudutermined the conclusions, and that the report's recotmnendat ions 
n.iy }Kivt* bei^'n substantially different if the terms of reference had allowed 
-a. hroadur and more integrated perspective* 

v;{.:w:K.\i- iai,uMMh:>iDATio:;s 



11k- report gives three general recommendations relating to doctoral 
pnn'^rammt.^s In tht» province of Ontario, and two recoitimendations relating 
r.> -supply and demand of Phl)*s. Taking cognizance of the agreed need for 
i:u rea,sin>; the VUl> output in metallurgy and materials, and that this 
Jfu reasi* In output shouid be effected by all departments with established 
riui iiro^ramru'K in Ontario participating, the Discipline Group reconiHiGnds 
ilt. riu- or qualifying the report* s general recommendations on page A^-i 
aiu! A^il to read as follows: 

f * ♦-.vr-rtiaai Kiilating tu Doctoral Programtnes in Ontario: 

(]) Tiio ^^Aistin;.'; pn.»grainnies in extractive (chemical) metallurgy be 
St rcn^thtjned ♦ and at least one bo maintained at a level of 
iui^: mat iona 1 s t atu re » 

iiR* cxistiiU'. programmes in nuiterials science be strengthened^ 

and at least one be ruiLntained at a level of international stature- 

i Lit Vau'rwL-r proj,xrammes in metallurgical , ceramic, or polymer engineering 
exist they be combined and augmented to develop strong progranimes in 
• itvri rMU' iiu'i'T in>% It Is not t-ssential that the Integrated 
pri».;rai:::.iL-::> be under tue adn:inistrative control of one department. 



(lb) ilu pn^i^orr f^^n c^f the effort In materials engin^^ tlifvoted to 

^ t-r rn v-s .tnvi Li:>s^ s ho in;'ro;uioU, 



■ -^is-^-^v^HMivlat lohs^ ■\<.-1.a in/' Tv^ :/lanp.^V^ r.::::T:" ■': ■ " " "7. 

<U :!:<■ fi^aiiv ;..>r oi p.Vtc.: -.i.- '.i.n.!, in -.^^r i*}.:** s in Ontario' 

' ti: • '^nl'iirn^i; V' ''J*' * ^'^ Mr>vv '-^^n^^ ;;ru v.t 1 als'^ -be'^at - leas t Joiibl i- .ti;dse , 

■ > ^ivi'-n in Tablv' ^-r^ t* . " ^'f the Canadian tiu; in^'t-i i u-^'/iiap^^. 

piipulatii)!! ho :iJ justed acc v ra i ;lgly . 

.(2) Kf forts tc? r^-'" i'uit a largt*r proport ion of the PhD students from thv- 
- irraduates t;ft Canadian uadcr^r^lduatje programmes sh^ be continued 
and intensified. The st Ipcnd:^ -paid to Canadian gradual j students 
are inadequate te attract a sutticijfejnt number and slieuld be incroriSiid 
substantially, 

ihe lUselpline t;roup does not consider it necessary or appropriate 
to I unotUfUt iHX the report's spue it ie recoimnendat ions for each Univeri>ity, 
\ |ho rvNponseS to the recommtindat ions are given in each inatitution^s 

report^ and insofar as they are ronsiHtiint with the philosophy and Rt-nural 
' reconnr.endat ions of this .report , they have the full endorsement of the 
:Hso ipl ine ;ir»»up. 
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Introduction 

Cartel on tak^s iht^ view that groups of disciplinary sliuuld be 
evaluateiJ before a clear j it lure oi the sitiKiticn wlthiii a^^^^^^^^ discipline 
can hii ohtnim il . Fi-port^; on any orte coimponont 'considered in isolation could 
lo.id to an erroneous jitdgcmcrit and unwise and iireelpltate action . Three 
consultants^ (InaX assessment report? have now been received for engineering 
disciplines in vhichCarlct on is actively involved; Civil Engineering, 
Electrical Engineerinn^ ^i^d Mechanical and Aeronautical Engineering. A 
fourth report deals with Metallurgical and Materials Engineering, of less 
direct concei-n to Carleton, while a fifth report^ not yet received, will deal 
with Chemical Engineering, a discipline not represented at Carleton. 

This response will address Itself to the four reports which have 
bcvu received and examined to date* We may wish to add further comnents 
whx»n the fifth report has been studied, 

Wt> sense a good deal of unanimity on a nuiuber of fundamental 
questions aniong the fifteen consultfinrs involved in the four reports far 
received, a connnunality of viewpoint which we share and endorse* Wc believe 
that Engineering has been most fortunate in having the assessments carried 
out by a group of consultants whose international stature, valued judgciner.t 
and perspective give authority and credibility to their studir?s and 
reportr:* Tn general then wc accept their findings and subscribe co their 
rernmtQr»ndat tons with only a few exceptions to be noted later* 

In this response we shrill deal first with those matters which we 
bellpvi^ to he basic and general in nature and leave »mtil the end our vh ws 
on ;:perific points raised in individual reports. 



KattMt'rH of a FunUoru'nta'I o r nynpral Katuife . ' 

}) •■ Com t ! : -of -S tuden t Ntinfe-ers t ■ ■ •' 

V . .... The' ftnir riHH>rt .ii »• unahitftbus in - their; o}Union Lhat preylQUS 
istiinatcs of the domami for engineers with doctoral degrees, notably those 
in the Lapp Report of 1976 and the report for CDIC of 1973, have er 
s<*riou<;ly on the low sjde. Tltuy point cut that there is.no evidence of . 
d i f f ictil ty in . obt.i ining ,1obs by students close to graduation , nor do they 
foroK.e difficult icfj in the future except for those which normally occur in 
highly apeciali7.ed areas. " 

Thfe consultants reject the notion of quotas applied to departments 
to control student nuinhers, in part because the demand seeais likely 
to exceed the supply than the reverse, making quotas unnecessary, but in the 
tnain because they foci that other means of control are to be preferred. The 
report on Electrical Engineering puts it this wayt ''The number of doctorates 
granted in electrical onRincerlng (should) be determined by: 

(1) " availability of qualified students 
(ii) maintenance of adequate standards by the univetsitios, and 
(iii) the cxistinp, capacity (staff and facilities) of the universities 
for Kivinp, adequate training." The Mechanical consultants refer to emerging 
natural controls and go on to say: "We would wish the resources of the 
prt'sciit systeta, which arc predicated principally on undergraduate requirements, 
the market demands, the quality of the programme and the good judgement of 
the departments to determine the total number within the system." 

Carlcton subscribes fully to these views. We believe that rather 
th.m throup,h cehtrnlly imposefl quotas or limitations the universities 
individii.illy jjhould control nirabcrs by restricting admission to students 
sJ'.ov.'inj; hip.h promise and by maintaining adquate standards. The latter 
t(.. «. tli. r v.'ith thi- marV.et demand will provide an adequate control. We would 

pi- pirvd to nupptjrt the development and adoptioii of an ev.nluation scheme, 
;;e< ^ 'S t hv «^;r|. o1 T^:f- i r Im't'x H:trd nt C irlcton, whioh can be applic.l across 
all t!x^M:iplines and which could be used in the monitoring of admission standards 
w}.iv!i w<- hi'lii vt' RJiould be a matter between a university and OCCS. Uc believe. 



however, thrit tl.o Int orj^re t at f (mi of tltesf i?t .indards for individual student 
c.'tstss should hv vlvf I to tile i!>f.orn^4.»d judgenitnt pf the unlvQr3ity concerned • 

2) Qua I ft y of Kxlstinr. Proi^.rv iT i:>Tics> Su {"^^^*^ ^tions f or CfMTi^e: - - - 

.:\^.r [S^rom their ^coiTimentj:^ on tite quality t^f the Tb*I)* progranunes^^f 
the system pencfal Iv, it ' V ir that the consultants believe It to be 
quite acceptnblo. The Civil r^Mir>^vTtant*? rnWrrT-out that **the syt^tom provides a 
p.OiHl quality / * t rape of the field and spvci.il tics without undue overiap on a 
rt^Uonal ba<;!s/' CommcntB on Individual nnivortsities draw attention to 
departures fron the norm in both directions. 

A co?njnon theme running through the reports is the need for greater 
fli'Klbility in the future • The Metallurgical arid f!aterlals consultants state 
it this way: "As Canadiain industry becomes inore sophisticated and has to 
rely on more advanced technologies^ it will have to learn how to fully 
utilize the talents and nkllls of Ph»D- graduates and the universities will 
have to learn how to develop Ph-H, programjnes which produce imaginative 
enj^lneers capable of responding to these new opportunities," These consultant 
also recoTntnend that proprntnmes be so, designed as to permit p.raduntes from 
other specialties to change specialties as they commence Ph.D* work* 

The consultants also show a degree of consistency regarding the 
need to shift the emphasis in Ph.D* programmes to meet the situation of the 
seventies. Tlie Electrical consultant: state it this way: *'TIie education of 
Ph.D. students in areas of national neiid is a more ef flcleat use of re';ourccs 
than is a randun choire uf fields folltwed by a period of retraining/' In 
rrl.^tinn to their fields the Civil consultants state that there should be 
**less stress on traditional areas, pnrtlcuJarly structural engineering, and 
mnrc .stress in\ imuI t idi.sri plinary t»ducati{?n, environmental engineering, nnd 
transpurtai ion. Thv Tl^ chanical cf^n-^^ul tants recommend a greater emphasis 
on j>roducti(m tn;*in£n*rinj' and design. 

(ni>ra ccntCKl t.t;c*en tin i Vt r.^ it i c 55 ;inil ii^dustry is felt to ho 
it^pMrfnf^t I'V .ill thf* rtm f nntf. and inth'vidnal i n t versit i',*s have bf-f*n singled 
cult fn\ r r.; ; :i:id it {on whifi* this cnnt.u't is regarded as exemplary vhile others 
havt been as! t J te iiipruVc- iij Ll»is rt sp< i ( ^ 

fnue a;i:iin Carleton aceeptf; the iindin;\f. of the con5;ul tantr; on the 
quality i)t Ih • t:;i:.t Inr, prujjramux'j-. and Iheir views on the nature ol Ph.D^ 
pnigramfHies required for the immediate future* We feel that we have already 



siadc* conniclerable prui\rt-ss toward achieving the desirable i^hjec Lives set 

out by the vouf^uUnnts nnd that hnvc received adf?quat£*^ re<!Ognit ion for 

tliis in tlit'-lr reports* 

- Thi- j:nf.intHvi i;in v-pn^ arc far Uss concc rneu about the concept . -. 

of crliiijl tJinn tlu: consultants who rnrried out j^urx of thc-earlicr 

plaiin ii^;; .iH:u*ssWem f^,k nn^l kJiow much ronrorn for the dlsndvautagcs of 
''hlrn.'.sr/' a;: of *>niaH:ics5;; The Mglneering consultants place their primary 
enpha:;ir» i*n Uh» <{tiality of th^ student and cf the faculty intber th?in on 
si/.Ct <^ view which wo heartily endo^e. 

The Mechanical consultants take th€ strongest stand ag'^inst the notion 
of critical size. Vhile adTnlttinR the advantages enjoyed by a large group, 
they y.o on lo c?xpres5; their view that "a drawback to the large group is 
the difffrulty of adapting to change** and further that '^thc groups in the 
<ErMl1er departiT^ontr often displayed an original point of view and a willingness 
to adapt to change that was not apparent In the larger and longer establ ished 
departnunt s*** Ihey found jnorc cross linkages between departments and a 
grc»ater tendency to cf^tabtish outside contacts with government and Industry 
in ilie f^inallcr faculties* They conclude: **In our view no creative group, 
and no tapahle individual within <5uch a group should be denie*^ support 
becuise it is sinalU" The Civil consultants echo these views: '^Slze is 
not a sufficient criterion for judging whether a school can offer a Ph.t), 
prnfrr:jrr^Ti'** and aiKo "there is no a priori reason why a small school cannot 
prnvfd.* as f?at irif artory an envlronniont for the student as a large ^jchool^" 

The KJecirlcal and Metal lurnical and Materials consultants are not 
lit finite an the jtvittc^r of critical iiize as the Civil and Mechanical 
cinisnlt .nM;;. T\iv TU t Lrical cdhsuI tantf^ fc-lt that a desirable size for a 
■■ '-K'^^t fell in tht* rnnj'.e from 10 to 20 faculty with from lf> to 20 

f tu.: :u - i^anllfd but e>:j)res:;ed the view thai "hij;h st.uulardB of e:^renence 
v i*?. t ouyjnility rath<- 1* th.',n quantity vjIIi pay off in the lung run.'* 

t al lui / ariil M:iltrial*: iniiiuil tanli; dr. iW all^^nlion to thi' eeiltra:;t 

hrtvi t'ti the Hrit ij:h apj?rnaeh to Ph»D. education centered around the thesis 
ar/tl tiquirinp, r.nly *>tt*' f.^od faetilty member and the American view that a 
di iAtrtiTu.iif needs to be sufficiently large to provide a proper range of 



courses bi?cau.si' .>! tho ii^ipo 1 1 anci* ^Uvon. to cour.ne work in the American 
apprpachi Thy t'o?isu'Uantr. thcr:;i'lvcs took the position that .^ludents should 

be tatir^ht by mt*: ^VT?; of t!u- :h.r; !v sclenrt' depar as vol by 

■ " ■ t' ' ■ " ■ ■ .■ . ■ . ■ ■ ■ • ■ ■ . ■ . . . .■ . . ■ ■ .. . ■ • , 

Rngini'vring f:^uni I t y:.-r!rnbcvrf^ ;md. t !3;it. ihu- crii ^izt> of the tVijr.tv depeniU. ... . 

a Rreat deal on tbv Htrenjt»th5; in vvlixtvih (Hsr ^^Hnfs* Tlje lait ;r factor 

seems to have ht't-T^ lyvnorLtd hy ^'^'r.-^' of tht* r<^nsn It who hhs^^ _ 

non-KnfJneeriiiji, ili ^ iplines. . . V . 

As inil ^ atcd abovi'^ c::irlctpn Is ftil 1 V 1 n nRTce^ 

positive on critical si;u* taken by the KuRlncvr ing consultants and does not 

support the vii v ; r>f the Chcmirvt r>v or KrcnotnicB rnnsiiltantsnor ACAP.*s views 

on this inatter. 

4) Proporiit^n of Foroi^in St ud ents : 

All four of tho ropnrtf^ undi^r rovirw rtakc rcfcrcnoo to the cnrolino^t 
of ff^rviixn -Students; in the graduate pru^>raDTses at Ontario Universities, 

The Electrical consultants^ noted that the percentage of doctoral 
stiidentK wit^h first doprofs f rnm Canadian universities was consist^tJy in 
the r.inp.e from M to 51 over the past five years." They believe an l<Jeal" 
iriix should fnvulvi- stiuii>nts v/ilh a variety of backj^,rotindn t-onilng frotn various 
univcr.sit ICS and ^^ho4lld include soma students from foreign countries. The 
Ihttfc'r tfiey feel should hv in the minority and they suggest 25/' as an 
appropriate proportion. Tfu» Civil constiltants expressed concern also at 
the low percentn^e of fttll-time Ph.D. student!? who had obtained their first 
deforce in Canada but reniarhed -ilso that the percent^lge was much higher for 
part-lJn;>» st ttdt^nf sVind sui»<»^€*stud tliat part-^titne studies should be encouraf,ed* 

Ttie Merh.inira] rot^r'ul ( nntf ♦ \;h(li* noting, a f:irnilar proportion of 
nen-(*an.i<i Jan fir*;t /"^.rt t i (uli^nt s to th<n:e mi*nt i<Hi<d nhoVo Concluded that 

it 

vre c^jnnMf ^ iitHU on Can-xMan »nidt^rnf^«du.it e tu hool s tn provide candidxite.s in 
suf fir lent tinmf^^r.': .^n<! th.it we T\\\\r,i (i^ntiinie to rely on student^: from abnvid. 
'jho i.ifttr wcMild 1 ir« 1v decr^au- In ntr b« r mi tlje flituro dtK- to recent pf»1iry 

.» vilJj .j.cl tc» iri.n';.rwl ^«fn and lijijDtial j:;uj>pi»rt lor sttult^nti.' williotil 
littwli w i\ r.\ \ .iwX f /tlM.w Tl;tV wnv«r/»- >f tti/it vuiip<*i t l()r su( h stud^MUn sJuuild 
corn* from appr^^prjnte fedora] a!;*'nrie.^i sot!) a*; CIPA. 

Thr- Meta!ltir>*acal and Matter iOfv « t,a:;u3 1 a;,ts fitid that •'Canadian 
ind/A.tiy unr;hU» to fjU it^ v.oancier* with Crinadiaa f.rnduates of Canadian 



oririn bas preU.rr.'a to ir..; t graduates from Brit inh or Australian origin 
r«t!u«r tMau^cT^Uy C:^^^^^^ ah intchsiflcation; 

of ot i.-t t >. to ro r v^r 1af.'V i- propt^rt Ion of Ph.D. students irora the graduntes ^ 

C.irU tfv: i.: in .. . . nt with the consul tAiits concerning the 
dt.sM ..i.nitv -of. having .1 nix o/:stin!t'.nts- fro?n .different: univ^ , - 

C;m t/- {wm . r, s ; n count r i. s and in hav between 

Can : ' -.in and aion-Ch uiiim f i rst d^n^reo holders* The problem ef Coreign 
st.td. us u/»Vlv .expressed , as one of controlling their nutnher. We believe 

that t he- r. ci Df ir !■ inr-lt ion <md f inane inl restrictions imposed on this prtmp 
is in. ly to ovpr^hoct the «»ark and the problem in the future may well be one 
of tt.. frw rathrr than too raany foreip.n students. A more serious problem is 
th.it ot ioa few nrndu.tt.-j; of Canadian schools eni^arkinp, on Ph.D. wo*.k. 

0;rr.'-:>t'^ on Ji^-<' S pe''i f i Mat U-t h 

i„ t.i,i;; v,vctivn vv vlBh to deal wfth soflie specific issues raised in 

jadivMual as:.<-,sr.nt rf-ports. _ 

]) C Ivi 1 Fni'Jnvorint- IWtural PlanninR Assessment : 

Tl.o rt'ft rrnrt s to Carleton University throughout t^his report are 
j'..'.H« rally f/iVoviraMt' and on the vho1o we like their conclusions and 
rt-u. n K, t i.nv.. Tlurr arc, howcvrr, one or two points we wish to question. 

In P.tnor.nt ndaf ion ^ the cfmsullants Suggest "there is a case for 
f.u.iv .<.nsi<;tcnt rrqu iroru-nt, uf ac coptnnce for PluD. students between itniverslties 

atr un- . rt.nn as to t h^v mean f nr. of this since it is not discussed in the 
Inulv of the ripc^ri. V.V have txpresst'd tht- vie^^ varlier that there should be 
a sv:t. :...,], r. Carl. tnn's raholastir indox. for ovaluating .'Students across 
all c!i . ij.nnv:-., ai:J that OC^S lunht r.onilor standards of admission Rcnt-rally. 
• do y.ri t,v< t\u- ni-.-tl f'-i an ..xternal ptTSon on arntn'tancc committees hut 
cuiitii. i. -,i>,,ori tliC pnsiiinn that tli.Te should he i-xternal t-xamint-r:; on 
th.-' ;•. < HI '-r I ^ 

•.V. . ! .,... )•.{ !'.. |.. -;h>v.,1 ir. UtM ,.;M-,H-),i'.. it it'll j con*. «-rn In;; tin /"^ 
1 il-'-inr, llH- ''!;.n. Vs into tlu- undi.rj-r.iduate B.T.U.'s although we 

ran :.t:i;M->Tt t!u- wl-j. ^tv,-. UV hfl i« vo that a major ro-esaminat i on ol the 



fortauld for providing opornting funds to the universities is <.Hlled for^ 
not just minor adiu5;t!Ticnt H to B. 1*1!. vcifihtingHi. 

We dovnot see the npC€>sj^it>^ for the further prolif era ^l^n of degr^'c 
deslgnai.ion.s wlii rh wouliL result from J: he . introduction of .ilhe J)qqXqV . of : .: 
KnRincerinj; Degree included in Recommendation 12, We support fully the 
consultantf?V cc^noept of a possibilities for a doctoral thesl^i - — 

from the mathein.it iv:aj i>r. theoret ical at one end to the design or appllc^ation- 
orientat^-^d at f he other end, but we believe the requiireTOcnts far' the Ph^D^ 
should be flexible enough to pem^it this as is the case at Carleton. 

2) Ke pnrt on T)octnrnl Projgr amrpes ; In Kle^^ ^ in Ontario 

Ualv£*rsi ties > 

For the purposes of assessment and reporting^ the consultants liave 
coribined Carletcn*s departwentc of Klertronlcfs and Materials Engineering and 
Systems Engineering under the discipline title of 'Electrical Engineerlnf,. * 
Their comments » conclusions and recoimnendations apply tiniformly to our two 
deportments. We regard this report as a highly ronipetent and thorough niece 
of work* The imalynis in the earlier sect ions prior to the evaluation of 
dep^irtments Rives to the vhole a degree of credibility that is probably unique 
in such reports* 

Carleton University has received a uniformly favourable assessment 
in Electrical Engircering* The Ph*D. propramfnes in both departments are 
considered to be '^f^trong,** The interaction of Carie^ton with laboratories 
and firms in the Ottavra aren is dencrihe^d ns a **t!ioder' while our programmes 
arc praised ;^s* hiving **unusually hij;h contemporary relevance." 

V7e intend to purf.uf our prfjpnsetl five-year plnn for tlie gradunte 
pro^\r:\^.i-.o in rUctriral Enj^. Jn^ «t f ng; vp believe that our preiicnt organization 
into tiui two denartniefit 5> of Electron if^^ and M/^terialf-j Enj; int<»r i ng and 
Systc-r>- Enc; inner in;^/ is the rost npprf>]ir i at e nnd rffertj'.:* for our ptirpones and 
intend to tp.nint.iin fhi*^ orcvtn i zit i on . 

UV h.ivt- Hi^Li J tliL- gL'nc'r;il rt L.o::anL-ndat ion tljat only f.l uOetits i;h<»vlnf; 
h'vh prc'nif.i^ d^y p.i .itlu.it / vmjI. siioult? hi- a(*<<'itl <»d niLo ! m*^ Ph.D. prejL',raV'it •» ♦ 
Ue endcrj:c thi*^ recemntiid it ion* . . 
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Wo plan to nim for the small growth in graduate student nunbcrf 
prnposr.i jn t!ie fivc^y^ar plan/bvU note? chat in the consultants/ vit>w this 
rr . th is nodckt- 3haVl atlow ourfselvcs lo be response ve to thie 

apr1i<*,?t.fnivs whivli" >V' rocoive from yell--c|ual! fieri, .^tudrnts. - We, ex|iu;t that 
cn.V :.;rt>uah will hv l imited' to .3 natural and non-exc£*sslve rate hy th-- limited 
av;^ j1 .ih'iritv "of - p^ood applicants* ^ r.\ / • ■. .. .... . . ' 

VJo beliwe thnt it is possiblo to increase the scale and effii'Ctiyeness 
oi our ;fu^V Lltions with lab6r;Uor i^^^^ and firms in the Ottawa area and shall 
t>ndvav(un to exploit further such interaction^;. 

Thv rciomnii tidcitlon that greater use be made of. graduate, courses civen 
at x\u- riTiivt rsity of Ottawa is accepted. The establishinent of a close working 
r* 1 rt i r;i*.hip o\-er the Kiist two-ye^^r period has made the shnrinfi of course 
tff.rinr; ami fai illtits a nalufal outcome which it is intended to exploit. 

V:t accept the n port of the ACAP consuU^ints without reservation. 
Mr i^nsicl./r the nsso->rr.. nt to have been fairly and thoroiip,])ly done and 
h Micv* thit tht^ report nst a whcjlr will be of considerable benefit to the 
1.1. t c I f< al r ?{»invt.*r iuA pr<>fession in Ontario and Canada. 

^) nf fhi' Mechanical Engineering Consultants : 

V:.' acctpt tht^ ACAP con^uiltants' report on >fechanical (and Aeronautical) 
I fnt>cr in:: viit.hi>ut reservation. VJc consider it to be a valuable^ authoritativct 
V* 1 1 rra^u»t>cd fiocunoiU. The rrpiTrt is thornuf';hty credible because of the 
( (^"^y^i-Vrnco r\nd internal 5 onal stature of the consultant team and the excellent 
v>v*'rv:;V ihry provide. 

a(<c j>t Ihi- <onsultanl$* nr^ut.^ent that, because '*the developing*, 
r mIo. LAuili] iMfiily absorb dmible tl)e rate of output fpres('ntly about 
- '^f* I'L.D.'s/vtMf hi (>riLc*riu) dnrlnr. the next five years'* and hccaunc of tl)e 
sm!.^;-. t.i.u r^^ejvpl V of oui\iiivi\ cam? id.iles , assi^.ued qnuta.s fcu' ihi^ Ontat iu 

ara»e tli.JJ aderjuatt eapaffty antl quality exists wUhfn tliC- 
ii I* liiat <'i..ioTr: about spec i fi e rt*,^earch areas sliould be znadt 

• • \. ? ;•• i ^ -i-^ i v- 7- . i t i'- : . .n cj^t the tr?Mfi:.n that exressiv^- 

efir.rf ha; hei li devuifuj to *' t rad i t i ooal and classical areas nf rvSeareh** 
.* t^! t!i.tt tnw * f!nrtf^: f:hould continue to be le^-directed towards r€:-*search more 
Pf rtt^irttl le ihi prartiLi' eif Much.auieal and Aeronautical nnpj'neerinr,* VJe 



nprrc tb.iit the roicvanco <if the rt*^';cMirch work would be eDhanced if Bupport 
were made niorc dependent on contTficts from high technology industry and . 

apprapriaie^ feiii»r:il jxovernnit*nt d<*purtmonts * 

■ ^ ■ . - - . . . .. . . . }, . . , ... . , , ' . ^ 

We Intend to purr>ue our proposed five-year plan aiid strengthen our 
contncis with industriai and govep^^ We will explor^vthe 

possibility of o.^tablisthing an industrial research institute (or an office 
of i!)dustrial rt search) s having a highly 

bent flriii ef f i-ci: on the research of the faculty and ^graduate students^ 

We applaud the recnimnendacion that a good Ph.D, prograftme shmild 
providi' breadth by means of w^ll balanced course work and depth by means of 
a thesis involving substantial research oh a specif ic and topical engineering 
problem^ Doctoral graduates from such a balanced educational progranrtme will 
be able to move into industry and tackle problem solving on a broad front* 

Conrlusioh . 

Wo liopr that it will be clear from the foregoing that we find 
rcpt^rtf^ r,encrnlly quite ncroptable and can endorse all their major conclusions 
and recbifmendat ionsV " Wo regard the specific points oh which «(e disagree with 
the rcmsultnnts to be n^inor in co?^)p^ir is*on to the aggregate of the issues on 
which x^e a^ree* 



Rr$n,)N^E or vvMArsirf? UN)VLR^:!TY 



n^Tyi"^ :;xTGHM siuuits in ^itallur^';!CAl. and materials engineering 

... ; . .. : . IN JHF FPOt^UQ'^ Of ONTARIO . ..: 



Xn r:> report deais; rnqst effect i vol y indeed wi th fields of studies that 
hjve -strong multi disciplinary, overtones, and that Inyoi ve t?ott>' Science and 
rr.oi n^ vrin^,- Forul t;^^^^^ f t dees th.l^ /by provi di ng .an Inter- 

-r>ti^ on '^f '^^^eta! l uritjical .£ngi neerinq'' that IS Wefl founded J.n t5Qth 
^ % t-jric 4nd racenf , developments,; and" g? ve^. a conyt nct.ng overview, that ■ 
Jk-^nds lon.v i ct f on. ta the. trends fore and to the needs envisfpned* By 
rijdi^g this a thorough quality assessnient and a careful approach to the 
-tst'.rjt* 4n of mi npo'iver requi rernents, the consul tants have produced a most 
c:vjr:rnr>r>d^:>!e doct^^^ri^nt. It Is system-orfented, stating direct cha If enges , ., 
"^vt^a-J^ Px-reaiirg cooperative efforts* Overall^, therefore, we_f. i J^^Tthe 
CO ar^J trte racomnendatlons most usefut for p I ann I ng^ -and development 

P , an-j ^-e are appreci ati ve the f a I-TfTess of approach and the 

_-^if:vfts .i-e^/o-^e.:! to it bv the consul ti^nts. 

7-3 view of /'.Vetanar9.}Gaf Engineering^V has been careful I y del Ineated 

• : jr^^. ext ract f vo ?reta 1 i urgv , mater t aj s science^ and materials en 

'::-.r^.-'^*' 1. i^ss i f i cit i on , Itr*.^ ^jny classification of research and 

-j^aduate'i^.'-truc^Ion^ into apparently s^^^parable elements, can create some 
r-: 1'^- j-t- ■ P-j ^-»d confusion, i t can be academf cai ly dangerous if ft 
^.j- /^r.-./v^ r^thf^r than .gi.v? n..t9..eraha.G f s. to. .the coffropn . e.lements . and 

r-' -i":.-:^r;c3. !^ cur vie.v, it can tc^ clalrad that the classes adopted Jn 

r'.-.;^3rt {exrraotSve motaiiurgy, iDoterr a i s- science and materials engi- 
' :^^:r\:n'} j^-o v^vH de^'ned, huf mu>t aporopriataly so for highly-developed 
— .'.-^t-riV^^. s/j :h ^3 tho U.S*A. In wh?^::h niost Ph.D. graduates are employed 
rt :^<3r-onda'-v' industries that use raterials* !n Canada there are as 
Z'?^ rc!.jt!vti{v few secoridary industries with a sufficiently con^fex tech- 
•if'*^. h^r^? large numbers of ^h.O.*r>. There Is no question about the 

• i':-J'"v tr:o ::!3=^sTftcation of extroctfve fnetaffurgy, though we prefer 
-rr -? or proc^'.-^:* , rv:*tallur^y as it wore clearly can include 
.^-..r-- .1 r.'f^v:^! roct>s and corros'on, as weM os the extracting of 
'.-.^ i^ o--^. utncr classes (materials science and materials engl- 

,s - i - Dr-'^.'-ir-ntfid with 3 convi^'Cing rdtjonate, Should not In our 
- ;.2.-.'>. . , --r Irrm^dJ/itely dii>pl'ir-:^ the more traditional classes of 
:i: ' ! j-qy , c^rrjmiC'-> ond po'V^-'^r^,, These are relevant^ for 

. ^^ >, • -.f a -^^v-el nn-;-^'. ^ J- ' ^T'^f who M re^ a Ph.D. nraou^to 

• r .-■ V- • ^ :^^v:'cj1 f^*-^tdMurL^ ho needs a pef'^on with kr-.v^- 
: : , -^'^ ' J •\-'r.--r M.-^n^-? in r^.'/'^'^-'s prodorni ndn1 ! y and to a m;; 

' • ^ ' ::'.^*rt ..nd r-'^r'ir/ cs . in fy^f^ in thii; ca:.c^ adJltiono' 

, - ^r--.-;"--^- i ^/ ro^*^ do » 4 r .:5l.» . o in i he ^r-*uh'jfM uc:^ t t.:'n-gi nrier i no 
. ^ ^.^^ • ! j'" ^ : • i ^ujL^I M : / r^r wr^ar t.njn in pt. i vmer * Ih^r, ^p. 

, . ' ■ ' ^ ^ ^ r:^-;-^ : ^. '^■'•"i 'j.-:; 1 r:3'o ! o for u rr/it*-?^ » ! s L::.^?r^ 



rnpre ^entiy^q a. miijpn. sector of Can^dJan Industry. 'Howf»v-?r, the; need of; the 

*Tijtor : ,i ' -.,:or iKdd'.^^lci -^ryr ^h'jy.. qr.tdu"3to5' wli I -if^c:re?5^, I ng f aster tha^^ 
that of the producer I rid u;tri'es, .^nd . these needs too .m^ fee met by our 
uni verjl.tles. thereforo do. supoort. strong! y. the strengthon i ng of pro- 
grams in fnc^it^^fials^clenco, and the ^sfab M shment of at Jeast on© materials 
Gnglnqering program. Ar /^he same ttme^^^e wouid enphasi^e that in our- vi-ew 
jny qoK^d nater i ;! t s f^rtql neer Tng orogram rust^ i nc I ude sofne, materl al s scI ence;- 
and the reverse /"^f xoarsB, vdeslrabl.e, r Thus^ -^^ s In one of :;t:hese^. . 

-jac^^es must not cxctudo some v>rork also beTng done in the other. 

A-Ph'*D. pr-bgram^ ^o tKe' stud^ 
and for • training an<j experience In _ sol I ng complex p rob I ems definition^ 
anal ysis^ and - examinat ion. Tne'consuit^n^ts^ In therr s^tate/neat 
five .mtdl i urgy, emphasise (page A-7) that , the "need for scientf f $c/. . 
soph 1 St; cation expected of a Ph,.D/ graduate ( in extracti ve metall urgy) 
aonears to be srnali*'- 1 f .this i s ..trans} ated as /^sophl sticated app I ied 
chemistrv ^nd appl ied Dhysfcs^S then any -l ifniting'to this concopt by our 
exis.t'nQ sc'iooJs In (r^tat Jurgy and materials wM I fai U at least to some 
degree, to nee t the needs of industries with problems to be solved by 
r^tne?^ tec^n ; :;.ue5 ^ 9nd/or at a Jess sophtstf cated level*. This niay well. 
■ ■ - n-^va resuited M a too-restricted market for Ph,D. graduates, /n example 
of thts cculd in the area of extractive metal lurgy^ where sorting out 

. the cOfTpiex requ i re'rients . for raw product characterization and itinera} 
benef ' ciation, within the constraints of energy requi rements and economics^ 
Qroi->^nrs a fo.^m;d3ble chaiienge, beyond that of ^'scientific sophistication". 
the rfy fore suDDort the proposal which encourages additional breadth of 

. Rh.D. oroqr^ns in extractive metallurgy and physical metallurgy to include 

. DTcrJon sc/ v^-ng techniques usQd by other areas- of engi neeri ng; ■ chemical - 

^^•^ .^^p^j n-*^r i and mineral engineering for extractive metallurgists, and 

r-^ch^'^ico! engineering for the physics! metal 5urgtst . In many cases these 
/-/^jr-^)55 already exist but are not taken by metal i urgists. To us, this Is 
an addit-ona! reason for supDorttng further strengthening of the effort in 

• extractive metallurgy* 

. We can now 5p-:?ak speciflcaity to the ge^neral recofnn^endat Ions given 

: r. t^e ''''^?::>rf b3*^ed on the general c lassf f ication of metaMurgy and materials* 

Ming for further strengthening of the effort in 
vxfra::^iye Cch-::^r! I C3 ! ) fry-'TaMurgv 'i^ one we support fu f I y . For the reasons 
fil::.'/^, aiso suODort Recon^mendat Ion 02 for maintenance in Ontario 
of Tip-ieve! strength in materials science. Recommendat f on #5(3) reconroends 

<i ij';]meatfng of n>^ta ! I urgi caf , cerarnic and polyner engineering 
• , ^ -J ^♦.^.^.^ ^^^^^^^^^ nat^-fricjis G'^qi n*3er f ng. This wo can support as a 
-^'.l^ i^'r^ j : ; o"; n^j'j"^ , bu*' W'^ hold to our claim abT^ve that tha^.e older 
-.•.-.i : ^ ■ - ■■ ' '^j."' -.tM ! rQ in tne Oanddi-a^- f^ontext, P^ezom- 

? ^ i * ■ f ;r -iri 'ncn^aso !^ t^e work on c^^r^mics an:i glassor* 

,-^nq' n.^-^rl no^ r-^d hetf- aqa^n we affirm our 'i^upport, it is 
-h-jt r,,,^^0or ^-^ Imoortant devc^fooment '^o be foster-^d,, 
. - «.-,r'- r-j-t. C' ""O'^r ^'^^ ! n *'og'^ ^.vitfj ^i^.— *:?r:3! t ; ^ 1 s 
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■■'i- -.uDoirt ful-iv+^'i- tenor and' IHe: concl us,'* on^. of the' report^ de--\ 
... v'v v^oclv an'i d!?'^nr;d :far ht ghly -qua! H sed manpower . 

In-r:- '- : a 'Jonv 1 nc5 rig cri 1 1 c't '.m af • fhe approach taken i n the "Bi ng of ' 

. ^-.f-.^ iniportantu, fcecausa .of. itu- roceni na.ture,,of the shDct- 
-^l r;;..^- report .'....Wo. const der t^at tne_ case made for. increasing 
%,~v'nvj-of ikls -sctt?n<-o' .and materlDJo eiigi neering- i ' d vai .id..on9, as 
; . v.-'i-th---.- "ircjcj. ot e.Kt,r3at:rV0. metDMyrgy: when -i t Is coug^I ed w. trv. the 

•v^-iT i --J , 'pT^'-d i^^: tSr" of a -^oa^^m^ Mower ■rnvrease:. . Contrary to^:aa: cp,^ n ion- - 
; n 't-h'. ^op.^^^ / we expoct to see a drop in ttie' nuniber of .' tnetaliurglsts- ■ 
r 4 > j . rr ori*. the IJL K. wher« , understand there .has been a recent sharp ' 



^ - >-> ; n enro I f In both ' Ph . D .■■ and under^jraduat.e ..triet^ 1 ! urgy -P rogram^ . 

r . ■ ■ ■ ■.it ^t .*^ I. MHr-^*-^ V-k <f « 



r-i n.fordes the coneern. that: On tar To must produce more of > ts .. 
.... ... .,^jh both the attracting of .■.fTone 'Students' Into the .undergraduate 

/r^^r d-^ii tnrough tho broadening of the base' from which. Canadian, first- 
H.,,..^ .'n.D. candidates, are drawn; I n "addi tton/ the shbrt-ter^n financial 
fjt of enrolf^nt in a Ph^D. program is not great, and w6 hold th^ 



^K3*' .nanv Canadian graduates are thus easi ly attracted I rrsned i ate 1 y 
: ■.•-jL;^-:ai or^lovment... ... The "importing" of f ore ign. graduate stiidents 



^^J-i-Y H -jrt a compensation for. this. ..The latter, in our exaerience, 
hgvc. ^v :.3ilent academic qua 1 i f f cai ions , and fflanv adapt adequately 
:aKii\a~. scene with a successful employment record. Nonetheless, 
- Canadian graduates to direct the complex technologies 

^. .^-jt-i^e, i t may .wel I, have to pay enough to attract .them . into a Ph.D. 
'-ic, trygan that students in particular areas will Pe paid 
.'-:'-3, but this precedent has already been sot in the med'cal 



■-• -v^, ■ *-;..>-^i:^-,-> -strong! y Support both - recornmondat ions of ■ the report -. .. 
. Z^'^^- -^,n increase in the output of Ph.D-^s., and an intensified- 
-f rer.rulting efforts from Canadian undergraduate programs including 

-jr-. ; - .-p-.j ^-.t- !?i '.stipend paynv^nts. 

M addr.-'-.sinq the recomr^ndat ions specifically dealing with Mcf'laster, 
... d-.. -^ic-s.';.] to rote that the efforts we have put into our naterials science 
r^onrn-rrnDve resulted in facilities and programs that have been so enthusias- 

. / :;ra:sej. We ar.e already trying to put more effort and imagination 
-.l-T ' ^.^ r^^; ^l-a*chGnist= and physicists Into our materials program. We 
• -^-."^ ,K ^.iri. of experience in th- field of physical properties of 
;■ ,.; .,^1 3-.-. looking for a postdoctoral fellow to help fill this- gap. 

'•' ,\ I* -.-'.A^'zr^ In this field is a departmental priority. We also 

,.I hj-.o a relatively small number of faculty in extractive 
,._,...f v^.-v .^ro presently planning to augment this field of activity 

- ..- .-ii^'.io o-^ a35iOCt^te rrs^mbers from industry. We are also 
. . I'f.Md*^ of our courses in this area. We anticiparo r.-.r.-> 
.. ' . . . -.r*-..-^r- C'lg" "veering dopartn^nts ^- L-art i r,ul arl y chc-.ica! 

nrj, ;.jnd With the [jepartTOnt of 'V-t^illurg/ <i' th^v 
-dH, th--; suggy^ f ion-; and ro'cmrrendcj* i onT; 
■^^^^^.^ .^iTr- t)oth oerceptTvf-? .ind oort i nent . I rrc'.D ict- ' of 
_ -.,f r-t'>n>-;rt, v.-c jr-"' aocr-.^'-: ' i"^ i v-"* ^■■^ \-- 



"iT^*^ I 
^ ^ •*. *v * ^ 
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'iur-"coT;ffvndat-ion of tne reporf and ■ Qur.- Supper f', ■for its recomfriQ'nUat1on& • 
^^'-\'^- 0 r ' from aur mi-)r<^cl:;ifl cpnsaitants. of ■ 

rn-* daTd suDp.iiod to them. The? statistica! coitp i I ations of populatlgns^ 
,-.dorgri,1u3te ;jctKvities^ qraduate student daf a, <;ources of support, emp^oy- 
rrent.,- r?T'_. were executed to lend strong vlsibii ity to the tlnw di'fneri.sron 
r foyr--tt\;f iva ypar . history ) and, to important factors for . qual ity jassessfrtpnt.. 
Wo .il-.n ro add only two- mi nor points of comment. Firstly, more qbsgryat jon^i 
|T,; ^^jt .wr»i I -have rpeen- -drawn f rom, the i nterest ing ..data on ttve totai ei.apsed. . . 
ti.me, tor P^j.bi .work ^ 1 ts .GompI !at.f on for the. system .fs ntonethelds's a rriost; 
usefu! co'itr'ibution. Secondly,, we feel that the apparent confusion- on the 
nuTTPefc-df . graduate: students: tn .particular programs arose fn^ro df f ferent .- : 
■'•terp'-etations of the term "materiais englneeri.ng". . The graduate studants- 
i-t-'iff'd.' i.'v r^j*«r.ia-i'.SL .-eriigf neeri ng in our submission are tak ing ..a Ph»P« , fn 
frotnl I urgv . , Our del i neatfon was not clear-cut, but was meant to Indicate . 
wMch students are rriore oriented toward metal i urgical processing; 
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l)r. M, A. Preston, 

Ejcccutive Vice-Chairman, /' 
Advisory Comwittee on Academic Planning, | 

Council of Ontario Universities, » " 

102 BlDor Street, West, 3rd Floor, 
Toronto, Ontario. 

Uear t»r. Preston, 

The University of Toronto agrees with the broad thrust of the 
report submitted to ACAP by the consultants in Metallurgical Engineering, 
but finds inconsistencies of logic in soaie of its recommendations. 

We should like fifst to respond to the general recoaimendat ions 
on page A-1 and then ti consider recoimnendations and coxsaents 
concerning the Department of Metallurgy and Materials Science at this 
liniversity. 



iGeneral Reconanendations 

1, It seems to us inconsistent to recoomend expansion of extractive 

metallurgy in the system when the consultants state that the shortage 
exists in materials science and in materials engineering, for each of 
which expansion is recoimnended in only one university. The consult- 
ants have not made their case in tenos of the numbers of graduates 
needed in extractive metallurgy; the need is in the other areas noted* 
Expansion of extractive metallurgy throughout the system might in fact 
weaken existing programs. 

and 3 a, b, c. We agree, therefore, on the need for expansion in 
materials science and materials engineering with the qualifications 
which we shall add below. 

Enrolment 

1. Once again the Canadian bngineering Manpower Council Report estimates 
are shovn to be highly dubious and it appears that there may well be 
a shortage of Ph.D. 's in metallurgical engineering. 



Wc agree with the intent 

tliaV, besides prqviUi ihcreaseU stipends to attract Canadian 
undergraduates into Ph. studies, the discipline give some thought 
to improyinR its "visibility" among undergraduates in Canadian 
faculties of engineering and faculties or departments of science. 

The University of Toronto 

iic can see no reason to change the naiiK; af the Department of 
Metallurgy and Materials Science. The undergraduate and masters* programs 
adcqimtely just ify the present ,1^^ Inwitably both materials sci^ 
and materials engineering must exist and there is need for strength in 
Hd.rh art^aSi ■ y - ' 

The University of Toronto would hope to maintain and, where 
feasible, strengthen its materials science program. As the consultants 
thcinseives say of .materials science (p. A-8 ) "The subject is an essential 
conjponent of the education of all engineers who are to be. associated with 
TTjaterial s . " The iriternational ly recognized physical metallurgy group 
vonstitutes an important part of the materials science strength of the 
departracnt as well as contributing to the interdepartmental work in materials 
en«ineering associated with the Materials Research Centre. Tiie department's 
entry in the calendar of the School of Graduate Studies will be revised to 
include a separate program for materials science. This entry will be 
framed In- the chairman and will indicate where necessary relevant course 
offerings of other departments. The consultants recommend staff additions 
ju materials en<»ineering (p.A-29 ), but in the opinion of the department 
any additions should be in materials science, particularly in physical 
ceramics and/or glass science and in polymeric materials. The faculty 
dean has asked that, consideration be given to appointments in one or more 
of ti>ese areas, but the university can give no commitment to such appoint- 
ments at present. 

Groups now exist within the Faculty which could contribute to a 
materials enjjineerinq program, and the materials engineers within the 
Department of Metallurgy and Materials Science would form part of this 
interdepartmental group. The basis of co-operation could be widened to 
include members of the faculties of Dentistry and Medicine. The Materials 
Research Centre would form the organizational umbrella for such a program. 

Civcn its excellent standing in extractive metallurgy, the 
University of Toronto recognizes its capacity to develop the field of 
mineral engineering. The Department of rietallurpy has just introduced 
an undergraduate program in mineral engineering with the intention of 
eventually building a viable graduate program in this area. After the 
"ciosinp of the faculty's Mining Department in 1IJ67, two staff appointments 
were transferred to other departments and a third lost through retirement. 
The first two appointments will retire within the next two years an*i the 
faculty will give sympathetic consideration to maincainintj these positions 
for ippointee^' an ninrral cnpineerinc^ . 



Ml 



The University of Toronto is aware of the space probi ems of the 
Department of Metallurgy and Materials Science and the ^terials Research 
Centre. The housing situation of both will be reviewed as part of a 
Rcneral reconsideration of the program needs discussed above. 

We accept the principle of co-operation expressed on page A-3 
which w6 believe raer its separate provincial funding. The University of 
Toronto would be wi iling tojjarticipate in a pilot study with McMastef 
University in the use of a TV talk-back network. 



Yours sincerely, 




terb 



A. E. Safarian, 
Dean . 
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to th e Report of the tie ta l \ urg 1 cal ' Eny i ne^r ing Consu 1 tan 
" -tojthe Ad yi spry • Connni tt ee on A cademl r PI afiTrino 
subniUtgd to ACAP, Nov<^m5er ISth, 1973 



..... tiLi i.. report, to b.e 3en?^rAV,l.t of. h ign qual i t> and vn««. wish . . . 

to cori-'end- llie consultants for the excsllent job which they have done. He 
will begin this submrss ton v^^^^^ few general consnents on the report. We^ 
wiil make specific comments on the section devoted to the University of 
laterloo and finally will summaflze our position on the recofmiendationv. - 

G?naTta.1 Cormients: 

\ 

^ The report begins with a very good description of the nature and 

historical devel oppent of the field being assessed. Work In fnetallurgical 
engineering, materials engineering and materials science has never been as 
clearly identified as a discipline within the university context as work in 
the other major engineering fields and in particular .has never had a large 
{=leavly identified undergraduate base to draw upon for graduate students. 
..;-.!d'.jL£.M.tud(!nts. in the materials field generally come to It vnth a diversity 
• of bac«:'i rounds from other cnaineering departments or from departments of 
pnysics and chemistry. In our view, this situation is likely to continue as 
ion-j as work in this field remains as diversified as it is currently. We 
>..,ree with the consultants that graduate work in the materials field should be 
strengthened and we support their first two recommendations which are stated 

the conclusion of this section of the report. Me also support the goal 
.hich the consultants wish to achieve by Reconwendation 3 but we question the 
. ech^nisn. It is not obvious to us that combining these diverse activities 
under a sin'^le adnini strati ve structure will necessarily lead to the kind of 
coordination ind '■.trengtheninq of the programmes that the consultants desire. 
■jU'M '\u arranGt3i:.jfnt night be successful in sotne cases but not in others. 

U(? Purport fully the consultants' analysis of Uio supnly and dei;:and 
f vf- .;i;Vu-.ver in tnis field. In particulari ',;e support the reconanf^ndation'-. 
•'•nMi'-. ■'! in l-n's set.tinn of th?. report. The particular problem of low 
>.:aJi :'i contenr. in. liv graduate profjro":nies which the consultants consent on 
\. pr.-s-nt in otncr cnqineerin<j progrannes. VJe can only repeat hero what w- 



. In tbo '•^c-ct ion- of the report ; devoted tu- tno {Jnr.-ira ily of V.'dterloc 
u'lich betjjns on Puge A-33 the consul tants i'ake the statcf'sent that /'TherV^ is 
nu gra.i'^atj ;>rcqrai-ne in r.aleri nl s at thp Univr»rsuy of Ivaterlco jnd consti\jently » 
t}:ern I J nu -P.n.O. d.^gree in n3t-.i] lurg ica-1 ong inaering or any al 1 ied f f eld. '' . - • • • 
In thx.' scnso uh $ch the consultant^ use tne t^ni ■■graduato programne -in irat^rials" 
tKi'; is corn.'ct stattJJ^ent* Tlic substantial, research and nraduate. ^Ktivit-y .it 
V;atirl/)0 in Mjt jtMdlG which thp consultants di icuss" at soin^: lonyth is p^.rt of 
r-K- .-^r.NJuat;; I'rcr^.ra; ::t;cf in !',£}chani.cal iivi inOi? ring . It is r.M desion^d to p.rcdjce . 
•'•itjritl; cni HV'er'-, '.-r fi-talUi^'giCvil onginc^vr". I'll rathor to orovid-* ri strort'j 

m f-jf- ' ''-.I'.iiUcal ifv- "i'r,- i;-, ion of thr^ i.-'-ivi-;.- 

. '.■■\:, :. .-■ :1 Lr,;1 • rjr ; n-*j D-'^ p. /it ; i:. \\ -v. .i :"ir.t-r rt r:-.; ,•; i. i-^ 

:y v .- i .-.t:.;. i 1.. uf i- iv; i lu^er irj^ . I'-.ult, If.;;. .Mli vity ■:. 

, .... ..J., ,|f- r, ■ t 'jri .'1 r •■ifij'ip i •■■ nrvu'M'.' f.tf'V!; ^. i.'.'Por f". ror vv^j,-''-. iti 

J - .v;;.. ,-jr.{ rrcduct fan eniiro'^riri . !t has al-.^ pI?.yM an r''.-0'*t.';nt 

-.T'. Iv" UT'.df rjr.yiuatt; ;.T'ojr.! ::'-' ir) -v, '--n i ; ! i-'. r ••••i . 

I- •. *»ffo.-t ;: i, l-.y'.-n' :wM:;te ; I>v r.^i- I' •;::.>;; i t..? 1 
:,• :.!:.,.:*.:.■. rt,-_-!-t lo ACA.-' i?; ■.-.hi^r l'-.-.' -.c- ".ic .i?--^ i I'j-j.i i;.' Lhis 

-ct-i v.' c .'• t; if. it ' ;r. 0^ rcr>-. -lircc": , co:."T'end t":^''i on tnis ^mcro-ich , ,-iftd rf'w.o- .irend 
C /' • " ■ . It i"^ ;.rc:».:biy true It.jt tr)it visit) !'Ly of Vu- •'•T'i-* fM'» 
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i.^r.it.. o: .v,L-r:'..' r^-.;;-_i, L^'j i ; .: . t ; gis ^.K-l ti^^: 



erJc 



C.-20 



(O^.if.t.:^!-! V.I tn thLV pN i ioiopMy nt^-it^tx^^ -a. stronj. :;i itoriols <ict i vi ty.. 

• _5;se . v.^.suit .vl •. or the' fact that thL-re /arc. courr.e^ 

.r;;ii'> .v>t f.v...v i.-: If;,' .'■ : ■;••!■ d.->.>>'.t-.t«nts [h th:?. f.irul ty of. Lnain crinn., . . 
V ^' - .'r,::..: :.. M.w :'"• i'"!',^ lr,:--i.v^.;-:.i.:. • 

rv')1> 'vi-Hch rVtwvrial'rv pi.jy .'ll hraiic'horv of onolneerino. .The -consul tan is 
s.j-j.ii*st that, th'2 university should draw this activity together in an administra- 
t IV? uh:i' ic carry cut -graduate - pro-gmjne'H n/wateri «t s • eing 1 neering-. ' At the 
pro^eot ti*-;e tn<? university has. plans for such a, development . ■ We will / . 
ccr;lin'.ie to encGurage cooperation amongst the various, .groups and will work to . 
cpvor.iif! it.o thr- r^rosr'drr.f^^ in the different d^rtments. We will also continue . 
t.rtvicouraye tho development of 1ntordi-.;ciplinary activities across Faculty 
boundirier. v,h'*never tht^ae sf^ow promise of evolving/ Vie are not convinced that 
tML* estaPl iiin:::ert of an ednrin i strati ve. unit to enconpass all of this: activity 
•,wuid bt? a wist-; courrvO of action for the university to take at this time. ^ 
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•„v ••I k-.*-rb -;:;ond;5t!ons 1 hrid 2 and ReC jm:nendat1pn 3 with the 
^ ?r. t>..;t . r;. i_on--,idv. it iieces^^.^ry to provide an adiijinistrati ve 

f -^r:; in Gr-^^r to .Tchifv-? d viable level of (jooperat ion and 
, 'r: i vr , i T y r» ^ '.■.'itcrloo intends to maintain the strength of 

. - . ;f;;,;^ .':' ., it. • i'- ■ f i 1 .n! li: Ljntinu^ to develop toop'^rative drrnn;H"^'ents 
.. ■..;'■'■■-■.. ft' if/; in V.]': fiold. 

t'K' ri'Lj: ivf .:dtiu!i uith r -aard to the anticipated demand 
f'.!.!,.',. '^tU'lv, f.n,:t it b'j at loa-:>t double the figures given in TAble b8 
, ' r.. , .--r ft .— .',.i.li.;r: L-. ; inft-r in'j M.innO'wer Council. 

.. c '.-r s. ; t K.:^. t'u . cifort'* to recruil <i Itipjer pr;>por- 

.- .•• , ;i<' ' ',..:f. '*)',ld I-* C'l'ft. inU'»'l <:lKi i nieH-i { f i (m1 . 

.-■ •> : .■ . • •:, J ■ V : i:', -tfi'j i qr:'id'j.'t.? progra;.T*es in K;at<--r ial-, 

..: t.-i .t i ;'• to !-Lu :!:;'; 11. t rc": 
..... ..... ■ itv 0 i I on ' ^ro'.ir.nie has t'ep 

..►1., ,^.] : .• .V ' 1 . !- ■■'.'.fvl • hi'l-'-nr- fro'-; oth.T c ineerin'i d.-u:;rt'*:ents 



"as v^elT-aj» s'lu;S''nt.^ witfi bjckg rounds in physicfi 'ind chhnistry. . " " . ' 

.■■ ■ , V.e- c.w.mt Accept tb**. .rucpi'ffitenu.t Lit-f.-iiLi-L. Ibe {..acu-ItV: of F.fiq ioef rinj;-.-. 
J''^ ! vf^rsitv of '.'irerlco ^^>-e^ai!'inc tf!*-> propo'^ i lion th.ii sO'i^e ddniinistr-'ti vv> 
or;jjtn.^-Vtiof'al sl> .i :lure' be- deveVop<?d t-. . i >e trth .'or-- .nui vi s th. U i ty • 

recoF^i.jeo^Iation have been set out in sor:e/dfitaiT^ a 

Finally* we support the recommendation that more attention be given 
to inter-un i versi cooperation J h ttie metal lurgy - materi al s. f le!d. We; would 
add that this cooperation and collaboration should exist not only between 
Uf^ivefsities but between universities and industry. The University of Waterloo's 
group in metallurgy and materials has developed very fruitful relationships v-nth 
industry and will contiflue to do so. 



W^pphsc. of the* Uifrver^ai tv ot'. Wcktcr^ 
iRepdrt'of thi» tronsul tafVts ort iioctorul in Mctatlurgic:i! ' irtji 

Materials rnginecring of the AUvisorv ^.Joir.aittec on Academic rianning. 

• ' November 9; 1973 

... Ti\ is report Avas. pr.tparcJ by a Comittce- of Senate charge J with 

g43nerat ing. rt-sponsc to thv ALA{:., i"i.>nsi4ltants' report dcM^toral studies in 
^Jetai^ur^;tca! -anJ ^:atcl•i*ilb I.ni;;nc«.rin^, 

(1) The comittee conjpljKents the authors on a careful analysis; of 
the metal lurpiicai and ir.atoriais; science area and on a Clear &tateiqent of-. 
po^Jtioft With resp<.*ct to the -''HinR of Ir^n" and the •'Canauian Lngineering ■ 
Mahpb^vcr Council UcpDrt". hv'art inciint,d to accept the- consul rants' opinion 
in ptefercTicc to thos^e expressed in the "rep<3rts noted ahove. - 

(2) V Tlu' principle recen:nicndatiGn with respect to the University of • 
Western Ontario on page A~17 is acceptabit^* to this. University ^n. the following 
context. It 15 the intent uf, L^e F acuity; of. .I-.n-jviheeriJig at tiie ;viniv^er>-ity 
of ivestvin Ontario, as it has been since the prop.rap; '..as initiated in I'M)" , 
to offer a doctoral degrvt in t.npuu-i;ring Science. The bai»ic concept of 
this program is that a relatively broad spec t.rura of cnsincering subjects are 
open for study and tiiat particular enpha>i> is /placed upon interdxscipl inary 
Subjects which tend to Drxdge the traditional discipline's of 
tngincering but wlvich have increasing relevance in modern society. In this 
respect wc would note that the authors of the report defined tvo alternative 
positions in the di^^cussion of critival siie (see paf.c -^-22 j . Without 
commiting thcr.selvcs to cither alternative, t-hey» in fact, opted for tht- 
American position when tJu'y care to discuss the Univer?jty of Western Ontario 
s.incc.thc principal. . res.wrva.tion about tiie .program is tliat it ir. of "sub- 
critical size" Ipa^ic A- ^7 ; . It kouKI be our opinion that when viei.'cd in 
tt^c context of an i.ngineering Science prograrn v;ith course Korh and research 
su^ -jort derived from other groups lu the i acuity outside the imnediate subject 
of 'revit:w that the program readily meets tht- criterion of critical si 

(5J In the report of I'.ivii Engineering we consented upon the 
possibility (paragraph 3(c) ) that engineers who have professional qualification 
who might undertake graduate study could be supported at levels higher than 
those generally prt.-valent in. graduate schools. If it is the belief of 
funding agencicf that corimi tnient on tne part of Canadian students to 
engineerinr. graduate studies siiouid bv increa.sfd, it.^is open to them to fu.-ter 
this by n.akmg gradxiatc study in engineering sor-.ewhat more attractive 
financially than at present. 

(4j We would like to cor^ncnt on a dev5.lopjr.erit m the University vi 
Western Ontario •'alerials Science pr./graiii wltich received scanr attention ly 
the revieAcr.: but wiiivh we believe to be a useful adjunct in the tiaming 
of research studvnti.. i out of the tcu studt-ut^ currently enrolled in r.at;.rials 
science group h:.ve establiii.ed contacts with, mdistry in ; ueh a way ti;at they 
sp<'nd part Of their tir.e in industry and par! of thtir tire in the Uniyersity. 
Ibis p»-actice, uhicn h i> I.ccoit.l- popular with ti;o industries involvid. verves 
two function--. - it prir..-ides t'ne :.tuv!ei.t witi-. r.ucli needed practical 




experience in 'tlic ''real" world of industiy afiU also suppleinents the income 
which the .stiadent iray evixn while" pt. University . %is practrce appears to 
us to hv a' \aluable technique in thv training of graduate sluJvnts which 
might be liiore widclv' expio-rcd. 

. We hope tiiei^c coiJiments ^are of souie help to you* There will . 
fol low .a comprehensive st^atemcut dealing wi ih the , f ive discipline assessment 
when, we. have had an opportunitj' tz adequately examine the individual reports 



■ Advisory rQ:n::^i trx:'* xm -AcaU<>r:\v.-iMr vi,tlv resp.'ct to 

- the rn ^in'j^erin;; ^:.?cin:t"y Ass^'^sr.'^nt u (1975^ •/ 



Koveir.ber 29, 197.S 

A:?pri>xi"-'i.t.c!y vv'.f 1 1. r: ( 1 .<S4 j i^rv the ivcor-^n-ndat ion of the Faculty 
of Arts n;,.l^.Swienc^ t:.^:. ic v:i:^.L]icv V.n iv<>'r-.Vi ty KL-^.t^ru Ontario , ^;^tabUsh^iK,a ; 

lu rc'V^:iry. ,t^- v,-t.:bUt^i;: an..-i.-'.:jr^s:|,::t i'.ix^r.Uy...(,r -i :.::;) :;.;-vr iii^^ r*cu-ucy- .:£tul Faculty.. 

w.is thV 4-* * " ^'t -J.n prr^v;::..W,i i l!. V:;v ■ fv^^! ^ht^ :;;.:>rov:il of the Faculty;- 

Svpt*:i;:i?er. I .r.l by t!;^ i:u;:*H-r c^i ci^.^Uviate^? h.Hi risen to IK. 

In ^^ctobi*r l-^:-t ir.e ! ;tv.i;lr> o! flr.-Jvn r.tu.l: - the tt.t.i'}li:AimQnt of n Ph.iD. 

pror,r:iT/jri Ir^.^in^ci'Xiw S^.icns;- w<nil tr:t' J>^TVt;t» *-^*?pnrtsMl tlr.lf. action on Jnnuc»ry 29^ H^GS, 
Frori tUv wiL^.-: c;: jrr v;.m» *.:iv?o tn i : i - ^ .i^.tj i n^<7\H i.cipliliary iiatuic of the 

"t ^t:j i-N'hi^'j- c!:'s!;.\il I t i ^x^-ri r. , ^-i! :^:chin;ics, structural 



lir;.^ - 6 ....... 

- , Ji'Vi - 0 

.!:;...! .].. p...: ::; .. i ' .!.. : . ■*. 1 { ..ft;. ;,: ;i. h.. .• • rL-0'.i\'v! 01 :ir-J c-i\.-oI I'.-d in 

prv> • ! I < z:> a t';i.!', in l nr.if""-'*r- ''. irnce .-ri: I ron*.^ oi' tfv."7i received 

.I'lV..-,. • J ..;;■,':■,! - J i m;,. (l.;v. ! t;-' t i r j : 1 1 i c3 of enr.i :ic:cr : n.f, 

.p, • :y, :..t"tcr cv : . ^ -itt-r, I'-.-cioil ;u retain t]:i:. n:i:ne n^* 

it c^:J it. • III-, r.i » ^ ;r. r>. i'^^/ i : dlc^ iL'c:.^;niM* IIk^ inti^r- 
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The ,conc!i tioui uruit^r \;hiv:h this appn?isal utir. i;nJcrtal;en ^trc of - • . 
particular interest bt^cau^e the farm which thl^ as:?c$sp^ f^iils to 

take ■co.;;n1::aacc of."uct:!;-'of an in t^rdXsc Ip 1 iViiry" Wtiire '\<h ich '.mxiy ho. deere.d to be • 
out*, idc ti^v' > r;i/.il ial t ivs of c I vi 1 ^ eU-ctricaij, mitchain cal ^ chcinical and 

Kctallurgicjl -ani r/itevial^ ^>ivcns^ i^nKinecrii^^i, ; l-xaminatioR of the five rcporrs 
^mich havij. been received, reveals rut ht-r j'c::^^^^ bL\tvcoa .reports in 

spite of tlie : uiCt 'tiUit the con.suItants seea to havi b 

equivalent ini> tnictions (vrith the possible except ioni of nechanical and , chemical . 
■groups who. dp. not. i^pt'cificaily ivport thi:ir tezTis of reference) . . Rejiiark«ible .perhbp 
are the pri^valent, corr/jn^ts about 7'critical size*^ \>hcn the_printed ter;ns of reference 
contain no n.cnti^iv of XTltical ::^ize. \: " . ♦ 

■A:i the present asnessnent has ■conUucted,; it seeks to d^^ternine- • . . ■ 

ijiieUu-r th.v en^ttiieeria^r ^^chools : of the province contuin tivo indi vidi:ai ly ccrti-f iablo 
trftsUtional sreciiilties of engiiteerinj;- If this v'as the objective of thc^ assessment 
it *Kas not so f^taced in advance. Tiot surprisingly, the larf.e schools \<izh :iiibstanri:il 
firoups in each of the i>pecialties survive? ns5e>Sn>ents of this sort* .The ^nailer schools 
regarJieiiS of the (^u^lity of t lie ir og,t*rat ions when judgc:d in this particular frane - 
of reference ar<jj found, wanting in one: ar raore.of the traditionaL specialties. That 
is. not to say that tl;e discipline is not represented in the scliool since it rujst be 
to r.eet urulerf.raduate instructional needs but the group practisinf, tlie specialty is 
^nvvill and vlous r.ut n^jt so*;ie arbitrarily defined critical size. 

- , / V,rmt car* a school that i?i faced \;ith this difficulty do? Aside fron the 
obvious .:;nd in general un?iccept:i!^I e possibility of retiring fror: co:i:pctit ion the 

.resvnrcher the sir.nll *'sub^cri t ical'* groups seeks to meet thc^ need for interaction 
Kith other profcishnidls and to devt»lop his own inteli-ettual pursuits by developing 
li^i^-?n^i y.t t.h- othtrr .i.ni!iv.idu:ils in relatcvi fields. The consequence .i s. that . individual S 
V7ith diflcr.M b^ck,;ruunJs ^ infoiT:ation a:.d sKiUr. address th-i^.r^ei vcs to problems 
Kliich tS.vy i.vve in ct^ynuti. At its best thlf. kind of devejopnicnt can be the TiOSt 
excit-In;.; rc -.trcl: coficnvab Je. At its \vur>t the preJacti. of X]iV i:ctlvity may be 

■rdrii..U or ztvo. U.J-*<-ver, we. would contend tluit operatiotis of this sort v;}:ich sten 

:...fr.oa s;Auil Interdisciplinary group^i arc poiciitially of j.reat irportance and further- 
r.oz-f ^ th.tt the- present asses.'r.ents carrieJ out alonr, st*.?reotype^* lines ruy not detect 

..the.. * *ict ti'- 1. viai r.rc- likely not suited to the ev:iliKition of iher?*. 

' It will be eviJ-.:nt ihcit interact ic.n:. villi individuals in otiier discipiinnry 

r^y ci J liie*. , h.-.jvvr }iLtf,;r;il to the rer.carcl; in h.i::J, v:ill net pernut the specialist 

g^rc:::. s.jar: . 1> r- pit i.i.iLJ up. staff to iw^t the criter.u^n of critical sita: Khvn the 
, as'u'-^^vSn;';.!: c>uried out in tJ^e frnni4-wurk of trr^ditional d isu'lpl hu^^ * 

'[}•.• u tii:>ns sliicii prev.:il at stcr;^ in v.h.ii.h t)jcs^' di r(% cult of 
asvL*. ^ r v::l . i..^ i ly i cur 1 i fi r . 1 i e v. • tJi ihf.-. ].\'-^\ r\ dii anJ M.i Itj r i 1 s Scunct*! 

. |;ri.'^J ^. :jlt;.-^:,:!i K.tcrJ. i s. i p 1 i;Mry a'liltj.l:- of faculty njr.''>'''rs in other 

'■-^^n.-^-/- ■ iV..-'/* tu a r-^C ti li: tVic. x-jrtic.rl i?.tv,;ritv oi* the tradnionrl iT-^ci tits 

ni; ! t.' : ; vv: c*: r:.?!'! .'.''':;t:il i ?it e i'cic I i e:i ■ t\;< ; n sp-.-v^ i ril t ics . f ncoura.^^.O'^ent 

of t!.!:- 1 iiii^.-r.^MXi u bar. bt t-n a v.c;.^cicas poi icy .vatliin tl;c r,.icu/.ty 

Kf ^."ii r :r. , SViVWw-.- ax! r\ :i :r:: jor di- ti, f r i factor m the- dvc i i on o{ th I:i.ulty 

; t o i'ff'*i i 'TJ ^.^^ - '-C -Science j^ro^^ror; r,:l:v:v \]^'^: vr^\]:'ii:y. in the t r:* J 1 1 irMui 1 



Tiu- t:n>:inc<'rine Science Cor.ccpi 

.. ...Tixv cbucncjc v^. i!viMrt:r.v»:^i'. Rti'uc'urc. an! al 1. tliut it contributes, to 
spcc'tdltx tflbrtlism, the licitcd .din%'nr.inrr.-. of the faculty {appro.ximtel>- 4.5 V.T.fc.),- 
and the existence yf coageuial relations bas led to deveivpiucnt of cxteubiv.e inter* .. 
action aiJl.coU-bordtion.bctwee.n group.s . v;.i I'tjr. the. Faculty/ -For .f-inHar reason?; it . 
has ah.o bet'i.i.puat5ibiff. tsJ. duvelcp. interfciculty re:;e-rch actlyilics in th^^ .bioineai.cal 
area, oUaborative activitivi in bwith b:io:r-'Jical ensinvering .aud applied xfhysiolocy) 
in raJ. ....cience .(a:J pactic ipatlnj; I;^Jraheri in. the Ce.ntrc for . Radioscience.) and in 
co-iput e r Si:! cnce (vrberi? ths aystens engj neerf ni; . n ro.up has vdeyelppcd col 1 aboratlon.) 
The .abidinf; interest cf the' i-aculty in cnrirc.::..:e:rval r.at ters^'^ Interaction 
%;ith othe r 'p.^ rtu ■ of • the I'nivers i ty vhich r.-iv _ re expected to bear. -fruit in- the - future, 
ft •.buuld .l.e noted tiMt in all rive of the a.;,.'js5;!r.ent reports the cor:aents. on the 
<.ual itv ui* tht: uu;-k iii hand were favorable..: . 

III cffoct, circunstanccs iwU'e dictated that a paiaicular course of 
dc-elop.::.nt be i"ollf>u^-d. It vrould he our coft ."^nt ion that this course h,i> led to Ruch 
that i:; valuable and v.urthy .of dt veloi-n^ent. '..aile thu route we pur:iue i;vay be in- ^ 
appr.-ip'riate to otiier lingi neerino School:! v;e would voquc^st t)iat we be judiied in this 
J f r-.r. •-!.(•. r'.; .r-d j;ot 5a tlie traditional format t>hich cut:> iicror>s rather than displays 
Ovir ro.'C •.• i f 1 i ve activities. 

'Ihcse rv!MiK:i i-vy bv concluded by a statt-ra-nt that as recently a> 
NovM-'. -^ r l«JVr> :inJ v.ith the full Kno.vl eJre. o^" the v.irioin. consultants reports, 
t'fVti" f ..cnt tv of fin'-inecrinc; Science reaffitrijd its intent to continue to offer under- 
.^ri-adurte. r: .i.tcn.^'and doctoral trnining in rn^iineer ine. Science nnd not in any of the 
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IliiPOHT OF , AGAP ■ COMSULTAi^TS ■ 

. .... FOR DOCTORAL -..STUDIES.- . - • 

Hi MKTALLURGICAL AND. JIATERIAL'S ■. ENGINEERING 
IN THE PROVINGE OF ONTARIO 

- Thtr i'e spouse of, the University of Windsor to the f inal 
report. ot the ACAP consultants for Metallurgical and Materials 
Engineerin^-j and the. recommendations contained therein, is 
herein presented in the form of a general conmientary on the 
philosophy and criteria used by the consultants in formulating 
their recommendations, followed by comments on the general 
recommendations and the specific recommendation for the 
Uepdrtrr.ent ot Engineering MatcriaLs at the University pf 
Windsor . 

REPORT ""S APPARENT CRITEUTA 

In devciloping the argumunts which lead to the general 

.■::;d -J i : i c rc-commendations , the report Conjid«'rr. throe 

•■. I, , • , ' v.,'. i ..'.5 cX/Hsu I t-aiiti^ ' cii-.se^-i -ir.'soiit,::^ c,:onr.t itute 1_ue 

i'iii lo3.\.;r/ u d-ritor ia for the rocomrr^endcU.ioas - Those . 

i actor-:; uvr- : 

{}) InLerpret/ttion ot "MoLaiiurqical Engineering" 

Lai lur .;icl i:n:,Mneer j 113:' bc<?n r.ubdivided into three 
{'rineiiKil t'trt:;: <.:-:tractiv.- (;:hei:acal) metallurgy, niat^Tials 
r»cienc*'/ irr.i rui t c.-r i.a eng ui-:-...-r i . Tat-Ti* id little ditliculty 
i:i 'i If f ait lat in T or-rtr-ict i '/<' !'i<-.d.aliargy i rrn the other' t.V;0 



brnnches which form tiie diiicipiiuti j:iuro qLni<.»r:i 1 J y known .^.i 
'•materi O:>"'. T]u-> f or:?AT i t*. co:rc'.--.-:u\{ pr. ir.ur i 1 y with t/jc 
t'XtractiOa ot metai^i . 1 roir. ininv'i.ils .mA af^-t;, and tht--ruioru, 
hoavily dop«.MKieivt -ou chemistry and- chcnical. cnq.im-'efiji-,,'-- procv.-: ocii .•• 
Tixo report argues . that althou-if. ...'Xtractivt? nt-tallarqists are oXtert ; 
iound .tacjefeho r. in- the: - sano dcpar tmen t witLk plr/s icai ■ la^.- tali utgii: tsi .- • 
(ciai;i;<^d ai; iuateriais scientist a; or unginGcrSJ" thfic divergent :\ 
ihterast'a- havt?- not been an ef L-^-ctive .johesive force.- ^'7e coacur • 
with the report that "it is f ea^j iblo/ and 3oni-3ti.--.os by Torco of . 

clrcurastancos necosaaryy to have sound physical raetall'arcjy > 

materials enqinoorinq or materials science v/itbout any intoraction 
with extractive netalXurgy" , 

Matti'riala scienca is diiierentiated from materials 
engineering on the general acsunption that the central theme of 
raaterial.^ science iu the ru- lati-uiiship between structure and 
:;iC:- ..'rti'jo , and ir. therefori' c-:i:^ceraed prlncie^iiy v/itli solid- 
otate phyaicG and solid-state cliemistry, v;hiie materials 
eri.,'in!.-i'rinq deal^ v/ith ^ijoiving ape'_:ific problems and utilizes the 
;,..;ot ; ; i aL i. ^M. t f 1. ..; I '. ! .j J 1 v--: 1 . Viii/i d I - I 1' i.-n 1 1 a t it jn api-'j'aL'.> 
1. > r- 1 i, io'^ui 1 la^i^: h-'./oV':.-; r , it ir.prac cicaiie anU 

uui^oun'^i to .iLtonipt any strict -iasi^ i t icat ion ot- materials research 
prcjeeta .iccorJtn^j to tne scien-e or enjir.eerinq content. It .ir. 
irrtjjci;:; ibl'.- in many reJearcli proj»-'t"t:^ t\-> <i-..'t^-<rnine wh^^ro science 
i':MVo.a and enyineerincj enters: or vice verna, TiiUJ, a-; a fjcneral 
rule, liier..-' ia n^-. J ai^t 1 1 ication to preclude a i.iat-r Lai j aci-ace or 
r.atetri li;:- '^n%'ine--r in-;- depart"" jnt i.r-Tn .^.-Mi-^r* .-^-k In.; a part L/.r.i lar 



suite i; la Irf . tC'bv^cU'ch project on tho i^^^^iii ol' the supposed content 

Wo c o^lcur v/ith th^ rc:porc*3 differentiation betweiia. the 
thenes of ma te r science and materials cmgin 

tKWe\.vr, wo hoi to be impracticablci impossible and 

detri r/icntat t to" at'tempt any strict clas3 Vq£^ ' specXf.lc . 

re stf 4r c li " p.i oLlt ::^^; pr >i;r a!duatu ^ accordirigr" t^^^ ^scloncc: . 

or^ e i n a e r 1 tig cent o n t > 

J 2) Tue Supply and Demand for Manpov/er 

The report has performed an invaluable service to the 
profession and country in its clear and well substantiated 
refutation of future PhD manpower supply and demand as projected 
in the Ring of Iron and the Canadian K^Agineering Manpower 
Council report. We concur with the report *s recomniendation that 
'';t.h e £iqurr-s for anticipated demand in 1974-75 for PhD's in 
> J;-itariG in ''miningy metallurgy and natcrials^ bo at leas': douple 
t hose' given in Table 58 o t the report of the Canadian Engineering 
Ma!ipow>^^r Co uncllj^ July^9 7-W and the t^ r gfotn for the total PhD 
.1 1 V* i V ; popul a t i on i n the so di :dc x^iJ Linos he ad jxujt^d accorclin'Uy " . 
" "^'''!VS'/"/. /"^" ^ }':ct "the rorramdot ; or t ; i <^ cxT?X'. r o c cirjno n da t i o n , 

V iz . , tha t '\:o Ht oi' the neco u^ ^ ,;ry Gul.stanti^ i I increase in th- ? 

outp ut o i-l^iiiLiLLJ-ij " fr -vJin depar ti^^ents v /i th co;nprchonr>iv.* 

;*r:o' Tr r : ^ in riat-- r i xl:; oivv ? irr,^«-^'i:ir;'j mabf.\r : ? n • i ^ ^'ni;-. 1 -;jt /> 

lT;ce" l l d' rot , cxpl ici 1 1 y u'i I'act that th«..^!>> siiould a 
:Vf opart ir.n.'i tt! inrrr^MS.^ in t'-L. :'.,.:)piv irr^n tiie L;p.ailer 



■ ■ i ^p ai-nn ccmcur v/ith 'tho r^^u ft Ui<at %>lTort3. tO: re cruit, 

CatiaaiJn u nd>:rq.r.i>Iu.it:o pro-irai-.^ /:liouia be continued and . 
intijnsif: i..-;d . ' The ivt.iu'-.-udj paiyi to CanddiniV graduati? student's 



aro jpadoqiKite ■ to attract g '^mff lclcnt nun! )t?r and should be 
inc roa?4in-.i fuibrf tantiai lv''\ . 

I M nvi-iiity ot the iJducatiuuai Kxper iuzicu, . :. . 

.'I'ht' report ii: clearly biased in tavor of the American 
-iP,'iVto::>. a./ eoi;>t/,ir..'d to the Br iti^jh' system for ' qratluate studies 
ana re:.-.e.irch, considerable emphasis is placed on formal 

course- v/orh. In the British systeui, the graduate program is 
contor..-,: arcvind the thesis, aiiu formal courses- play a relatively 
sraa 11 role. In iavoring the ^Ix^ierican system over the British 
tnore t 1 1 ."^v.-r. • .inevitable ev-'Tollary that only large departments 
(• i:; ;i r i .I'-' a •Tv^i ra:iae of. for^ial courses from v/hich the student 
a.', .y^'jc-t j.: :f.;ej v;hiea : i t. iiis particular needs. Uov/ever , 

the repair t dees not atteinpt to deline the term "critical size" 
inti r..it I ■' v;-^ tU :;s.:a'.:ain-; the nuntber of faculty mombors 

Ill-' M.fJOL-L eieariy iuvera Liie ."^nerican systen 



- 1 t.an t iara>^- tio 



:.iopart: ieiitr. , it ju-vertheless admits 



^v^.-; ccrrr- Lauion c-.:iats LeLWcin th*^ performances and 
■nt::: .,i adaat-:S ai.d the .■.ys':':^;n i:: waich they v.-.-ro 

V laeaLea" , Tills ja.rtj.s::ion cai::iQt be pa:::*.i:: ;' r-'er too lightly, , 
• L ill. i L.,'.. .Lu.. Ih'? .i.'va'.ver- lo tiva quoscion ot 

..'.v.; ::/ SI the vory ^leaJt :,t 



relutc.s. the arqument that the American cyatem Xg superior 
' .inu to bo prc'icrred .xs graandicis;:^ * " Havini^ bailed to provide 
vi:.ry dacumontod t.^vi donee in support of the superiority of the 
American system/ the report then makes the dogmatic assertion 
tliat "a qtsiduate program should " be judyed by the quality and 
ranye-ofc opportunities it of fers to the 'stud 

achioveLiients of occasionai outstanding individuals who may have 
gone through the process in the pa3t*% and so very deftly 
circumvents the onus of explaining iiow som^ ** occasional out- 
standing individuals" obtained their graduate training at 
siTialler institutions. 

The emphasis of the report on the virtues of bigness 
„ should not come as a surprise since two members on the committee 
of consultants, of which one is the chairman^ are faculty 
. menibers of one of the largest postgraduate institutions in the 
o^i-i^tcu iJtat^jirj, whose metallurgy faculty alone almost equals the 
total engineering faculty at the University of Windcor. The 
uiiiqu'.^ acc^jr^^plishnents at the smaller graduate schools in 
vj .1.1 :i r?at:tcr o: |-,'utlic* rocordf and tl\-ro i:^ no intention 

;;'jco.>:;LLy to j.'ro;;cnt a deronce on their b^-iiail in this 

v;e i.Mv*ct the guiieral 'b ia_ ^ of the repp r t: 1 6v;a r d s t he 
^ ^^rf r Ic'ln''" ^Ty7rt:^/:^V"Trd '"i:!le "c^ ur^^it Ti -nc* ' for PhD i^roqra-:^;^ 

larqor i ns titut ions insofar ac t:u n bi ir. .ind .pr^^f iVrc:nc*^ - 
\ r^^c^' t he ^^^-^'jl ' 1:21' ^ '^'l' ^ j_^nd_ . \c .^on p 1 i nhnenc r 
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V.iit* rt.•:An^.^ ' r* li'^itr^i ion "tiuit mo:;t x\ro\ *^:>i\ori\ with a 



J 'V IT.: 



«...«...".. V i J : . . .V • .\ U ,1", i,^: \\ J,^.)'^%i ' 



' v/itii't ive Mt^nu-ra 1 i\*cu:::ruMid it Ions of; the ru-port 



r\» latin:; Lo incrc»a:> inq the qraduate 



i V;- vC^r :;o:u iiU': out^-ut ol PhO':; in certain areas 
a I_: ' : : : ' \i\ A ratui'iali; :;eiencc} ^^nd eng inoor Lnrj > ilowevvr ^ 



ll^' tjr"> nnrcn^UM- 'tifiuLicui tl;. :L "no s t of the riL-cosnary 
.'^.i::t:aV i ui^Tim::^.* in the ouLtjut o£ PhD*H i'.lxould bo from 

. , -.1, . . , I.. .*1,>„- i ■ - ..^ ^ — ' — — • • •^m 1^. — II - ■ - - — — 

w i t 1 : v-^.>!::j,>r -::-^'n:tivt.' i^rojr tmr. in hi itc-rials e ngineering 

i r K'-^^Lh*' ^ : :luc< : it doi^r. not t->:r>.l Lc i tly direct 
>oi* u^*r■'(^^,;• * in t.ht? ::uivply t ro:n 
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a I ^ i ^ irt i<;a L lU iv* in L^u 
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ditJciplinary" interactibh " in the, faculty - The Dnginee'rihg' 
Factilty undertook the reorganisation to rational isc the nany . 
and varied tjraduate courses offered in the Faculty of 
Eny ineer ing . , The .depar tments • now "of for ■ their - respeetive; 
graduate . courses under the admin is tj/ati><e control of a 
particular dLvision, to v;hich the departmints have imput through 
their faculty members. The pirihoia^ function of the divisional 
structure is to minimize duplj^cation^^W coordinating and 
combining similar courses of feted by zvo or more departments, 
which then become the core coui^ses /or the division. A student 
is required to take a minimum number of core courses plus a 
number of more specialized courses required for his particular 
needs. The student is still under the jurisdiction of a 
particular department > and the degree is granted through the 
department* Thus the departments have not lost their identities 
as might Lu inferred from the statement in the report that "the 
PhD program in engineering materials has been absorbed by the 
nev^? divisional ::;tructure** • 

thj 1 acuity nomb^^rn in the department based on the current rate 
of output of papers In ruCereed journals^ and predicts they will 
n*ike an excoilent contribution to the research program j.n the 
ik'W divisional .^itructure. Tlie report then apoci t ical ly 
recommends and t^ncourages present uflorts to integrate the 
qraduate program v.*ithin tiu: davi:iionai utructuru* V^t.* iiiterprt^'t 



the above comments and rGcontnendations to bo an acknowludgenent 
of the high quality and productivity of the I'hD prograra in the 
dcpartraent, and an explicit directive for its continuation 
wi-thin the facuity-integirated divisional structure. 

• ' - ' The Department " of . Engineeriag Ma ter ia Is of . the imiversx ty 
of Windsor currently offers« and shall continue to offor^ its . 
PhD program in engineering materials through the faculty- 
integrated divisional structure. The integration of the 

graduate pifogram into the divisional structure provides the 
graduate student in engineering materials a comprehiensive range 
o£ applied s c ience and engineering courses. The Department is 
well equipped in laboratory facilities and supporting technical 
personnel for research In the physical'-^mechanical and 
processing fields of materials at the PhD level, which it has 
^" ?ry successfully done in the past as ovtJlencod by the • 
Department's publication record and past output of PhD's. 
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Procedure for Metallurgical Engineering Doctoral Planning Assessment 
conducted by ACAP In co-operation with CODi . 

■ .:..:.„;;■.,■: 1972-73 ; ■ 



Ta^s Jlequeste4 from Discipline Group (vlth help available from ACAP at all 
stages) ' - , • • ■ ' ■ .. . ■ . 

A,l. Meet with representatives of ACAP and a)DE and discuss the specialty fields 
assigned to this «9ses^ent. An Initial meet i of the five engineering 
discipline groups may prove desirable. The field allocations may be altered 
by ACAP as a result of these diacusaions and CODE coaasent. 

A. 2« Suggest a panel of suitable consultants from which ACAP 'may choose, ACAP 
will refer the list to CODE for comment before act Ixw^. 

A.3« ^mine and comment on pro formae to be used for the gathering of information 
on current, past and future progratmjiea as described in paragraph B.l, 

A.4. Examine and comment to ACAP on the adequacy of the data collected on 

: current and past strength, CODE will also be asked to comment on the data 
' rel-iabil-ityr - ■ • ■ ■ 

A, 5v Both in consultation vith ACAP/CODE representatives and separately* consider 
the situation revealed by the tabulation of proposed future programmes and 
^ consider whether future plads stould be modified or developed in more 
detail. As a result of this step, individual uaiversltles may wish to 
revise the material described in B.l.d below. - - 

A;^* . ?osslbly develop a tentative plan for development of established or new 
doctoral >K>rk in Ontario paying attention to adequate coverage of fields 
and specialties. Any such plans will be reported to ACAP t^hich will 
transmit them to the consultants and to CODE. 



A.7. For this assessment, the discipline group shall consist of a member of 

each of the Departments of Metallurgical Engineering, that member belns the 
chairman unless the chairman delegates this responsibility to a colleague 

on a perman€?nt basis. 



information from Universities 



B.l, Each university is a«Ved to supply to ACAP, In the form indicated by 
_"\ ACAP after comment by CODE and by the discipline group (paragraph A. 3,), 



infonaation as follows: 

a) tor each specialty field deceiivine^ 

(i> current list of faculty mooberd showing fraction of research 
and graiduate iostructioB tiac devoted to the field (for part- 
^ iciitte professors shov the time sp^nt on university duties); 

ntanhers of. full-time and part-tiae faculty nembers for each 
'.'of. the past five years; . . : ■ ■" 

(lii) for the current year and preceding five years, o»fld>er of 

(1) master^ sand (2) Ph.D. candidates and (3> post-doctoral 
fellows doing research in the field full and part-time 
\' ; shown separately . \ r ■ 

Under these three headings one individual may appear under tnore than orte 
.category. 

b) for each "department* * which offers doctoral work in the fields of 
. this assessment-'" ' 

(i) Curricula Vitarum of each faculty, fflfember 

and higher) showlrfg inter alia complete publication lists, 
research funding in the past f ive years, and gradi^ate students 
. 'and post-doctoral fellows supervised during his career ^ ami 
specialization. . . 

resource*; of space - a statement indicating the department's 
view of Che adequacy of ita space, and, in eonnCction with 
the future plans in (d) below, discussing future space 
provision; 

number of Bachelors* graduates in metallurgical engineering and 
number of qualifying or make-up students each year for the 
last five years; _ 

other general items relevant to research and graduate study, 
a> major laboratories and equipment, over $5,000 
h>. computiE^ facilities; 

support from related departments Including shared teaching and 
research; 

description of any inter-university arrangements for graduate 
work. 

e) table of character i.s tics of graduate students in the department in 
previous five years, separately for Master's and Ph.D., breaking 
down numbers by: 

(i) Full-time and Fart-time; 

(il) immigration status (3 years) and country of first degree; 

(ill) sources of financial support; 

(iv) time to reach degree; 



(11) 



(ill) 



(iv) 



(V) 

(vi) 



(v) drop-out xHuaberj • 
(yl) dcgraes granted; 

<vii) post graduate employment of Ph.D. 's 

a), ' immediate, and' -. .. ■ 
b> after tvo years. 



d) proposed plans for the future of doctoral work, in as much detail as 
the department can provide, including the proposed scbeae for support. 

these plans, and accompanied by supporting arguoeats, including 
cotisidtratioa of the sources of doctoral students and an analysis of 
demand for graudates from the prograomes as indicated by previous 
placement cxrerience. The various headinss in a) and. h> above 
should be dealt uith quantitatively where possible; as a ainiroum, 
planned nuDbcrj; of faculty and doctoral students should be given. 
If part-time doctoral vork is contemplated, please discuss in detail. 



^•2. The roatcrlal so supplied by ACiU' and traaswitted to the 

discipline group for action indicated in paragraphs A. 5 and A.6, 



Apart from the material described in B«i*d. and to some exte^ at 
the department level each interested university- will be requested to make 
anr individual statemeat on its plans for the developroeht of doctoral * 
.work in these fields of engineering, in particular the items of future 
<-w...j.l;juwul lt..tylii:u by item B.l.d* 



to rmf^ 'of Heifer one c of Coa^ult^intn 

;C*1, Conslde'r the tv?o special documents related to the coordination of the assess-- ' 
litents in Engineering, viz, Engineering Ph.D. Plattnifig and Assesfsment; Procedures, 
Statement an Ph.O. Studies -fn Engineering Studies in Ontario, and the natjerial 
prepared by the discipline group and the universities and obtain other datA tlioy 
way require to carry out the tasks detailed b^ow. They shall be provided with 
copies of "Ring of Iron", the COU sUtement thereon, and the CODE, OCGS drtd 
APEO responses. Ttiey may obtain data and views from any relevant source, such 
as, for example, employers of holders of graduate degrees, professional and 
learned societies, federal agencies. The., campus of each interested university 
shall ba vlalted by at least two, consultants. (k>nsultants shall- arranga their 
schedule of visits to the universities in consultation with ACAP to ensure 
uniformity. Reports of appraisal consultants arc privllegtHi documents and are 
not to be made available to ACAP consultants* Consultants shall meet with the, 
diRclplino Rroup near thv. beginnins of the work, during the wrk as they consider 
necessary, and. imraediately before preparing their final report. 

C.2. Eeport on the adequacy of the present state of doctoral work in '^metallurgical 

engineering" in the province in general and in each university where applicable, 
discuiising the following: 

a. coverajjf of fields and specialties, and extent of activity in each 
. D. faculty quality and quantity 
c. nature of projjr.imcs offered 
^ d. enrolment sLzv ujid distribution amongst univcrsitJcs and divisions 



D-4 ■ 

a* quality of student body; admission requircacnts 

f\ relationship to related disciplines and to the profession 

g, \ physical, f-ncilit-ios' 

h. otl.k'r ntattcrs cnn.;idcnd bv the consultants to be significant, 

CiTif. • M i'k^ V .. •!.;..\'n>I.:t it.>:i'-. f^r th£i Jcvelopront uf ductofal v;ork in fit-Ids of 

this .lijsi usi:!t'UL in tcitario hotv.vi?n 197 3 <iiui 1978, taking into t'on.sidcrat ion 

. .; ■ sr.cii J l. i'i ; •S I.:.-'.' ti^n'i'l c;'; 4 by cfi'' DiHi- nc» Gronp,. and, witluuit ■ limiting . 
t!iv i'.. l a 1 i I V of trij f arer;>^in;', dtutl Inj' v. vth thf follovtrtK |'»*inC.*^i 

•- ^» Cv^sirablc' dr-ru^ral pro ^rrin^ics to be offered in the province, considcrinfj 

•both prvsi?ih!o lir.icatiuns or reductions; of existing; pronrar.nres iif.5d 
crt-atlcn of rroitrarr.sc-ii and ncv kinds of pror.rakties includini.v 
tlvc- npprLpri.jiv ui rari-tiir-c pronramnos. In particular, consider 
if tlx n- should i^r shcnild n.*t be r.or^' activity in fields nov prc;lucir.c? . 
ff'W jjradtntes in Onru-io at-A also th^- desirability of devtlopini: fwrth-.r 
appl icat ion-ori.nted and ir.iur-disciplinary worJ: • . indu.strial involvi'tiient. 

'h, Dctiirablc provincial enrolments, year by year, in t.' e doctoral ijtudy 
In metalliirgical engineering and in the tnajor subject divisions where 

4ipnropriat<'. Oac should consider the need for highly traim'd manpower 
and also the j'en-ral ' cul turn! and socii:tal factor.^ hlch nay lead students 
to pursue docteiai irotli in cngincorin?!. In considering manpower needs, 
one sliould ta!;..' nccount of tlie "fnarket" available to graduateis (at 
leasjt all of Candida) and of other sources of sunply for that ir.arket. 
Resultf; of forc;r.i»ts of hip.h level nanpower employinent should be treated 
viui uue cautior. aiiO onjy in a cieariy Dalfinced relationship v;ith 
cultural and societal needs. 

c. Distribution ar.rr.gst the universities of responsibility for programmes 
and for spc?ciaItit.G where appropriate, including consideration of the 
need for any irrrtat-.e or decrease in the number of departments offering 
doctoral wrl: ar.d includini!; considerntion of areas of collaboration 

^ and rharin;,; of, fncilities at regional level and across the province. 
Consider teclmicues for involvon^ent in doctoral supervision of 
professors in d. ;>artnjents which do not take doctoral students in 
their . fields, ard the extent to which such activity is desirable. 

d. nistribution of enrolncnt amongst the universities, showing desirable 
ran ^;es of enrolr-cnt. 

In all ra", G, it in important that the: ra* ionale for the recowacnda Lions ■ 
be clear; this is e;'pecially iciportant for items c. and d. 

C.4. It is pcrmisGihle for consultants to recomncnd appraisals of indiyidual 
proprarnts. This would arise if consultants were to suspect that a 
prograr„-nc- would bo found to bo vljolly or in part below minimum acc* ptable 
standards; and appraisal by the Appraisals Committee is the means of 
settling-: the nnestinn. It is rcconnircd that this action would be 

N t^* ill cairyii^;. i>ijt jiKianin^^ nsst-ssnu-nt s 
in sor:e di r'eip liner; , consultants Und thoro to be an uxross or dofUi-ncv 
of pro^-.ratr-. s in a j;iven .ire.i of study, where all of the existing progranraes 
could p...';H an appraisal, thiv may, subject to their own judp.ments of relative 
O _ ■ 



qurillty and of other factors (41 task outsltlt* the terms of reference of the 
Apprnlsiis CommiLttre) , recoiruncnd wliero enrolraent shoulJ he changt^d in 
acoonltm f with the possibilitios indicatod in section C3 (c). 

Affo'^ntr -nt. of Ccnr.ultnnr a 

The con<;ultants. shall include one person of wide* acadenic experience in Canada 
but in. a difftrrnt discipline. The other two consultants shall be. -enRinoers of 
Ifittrnaticral -t^mdinr,, rlth suitable adnlnistratiye and/or teaching experience^ 
nnd vith ixpurt i <ie in ror.^ of the fields assigned to the oetaUurgical engineering 
a*iSfs§ncnt. 

Ki'-myrt of ror.ml tnnts 

The consuitautr. subniit a iolnt report to ACAP (tentative date of September 1973). 
Hiiujrity rvpcit;; nro, of course, possible. The reanonins? leading to their 
rcconT-cnJiiionf; <:hi5uld ho. vivcn fully, in view of the subsequent treatment of 
the- rt.i\rt. Tho report it: .crubr.ittGd for conr:ent to CODE, to the discipline groun . 
and to each interested university. There nay be Jnfomal or intcrin exchanges 
of viorr. nr.onsfit the dipcipline group, the universities, CODE and ACAP. Any 
univt-rcity vhlch vishes to nake a forr.al statement to COU on the consultants* 
report shall £;uhnit it to ACAP. Any puch report shall be transnitted to CODE 
and to the discipline group. The discipline group shall subnit its fomal cotnnents 
and/or recor.r.ondatior.s to ACAV and CODE. CODE submits to AC.\P its recorraendations 
to cor. ACAP considers the CODi:, discipline group and university statcrcnts alonfi 
with the consultants' report and tran^-mits thcni to COU with its recoimendations of the 
por,it.!cn cor rhcv-ld ndcrt. Copies of the r.nterial trancni^ted to COU vill be 
stippHci! to COni:, to OCGS, to the nenhers of the discipline group and to the inter- 
ested univer'dt ics. COPr, OCCS and the universities are thus enabled to prepare 
for direct con.r.cnt to a COU r.eeting. The consultants* report may be published 
tor;t-thcr vith the corrients of CODE, the discipline group and those of any univer- 
sity £0 request in,-;, and with the position adopted by COU. 



Amended November 29 » 1972 



Engineering Ph.D. Planning and 
Assesscsent Procedures 
Cortrdinating Task Force, September 25, 1972 

1. The doctoral assessments in Engineering are being conducted as a group. 
To that end there has been established a Coordinating Task Force to 
coordinate the conduct of the assessments in accordance with the proce-* 
dures outlined in this document which is referred to in section CI of 
the Ttrms of Reference for the Consultants. 

2. All "departments** of each Engineering Faculty shall prepare a statement 
presenting their current and proposed Ph.D. activities including: 

areas of research and study 
educational goals and style 

enrolment ranges projected to five years, and other items 
as defined in section B of the approved ''Procedure" t 
including the basic ACAP quantitative data sheets as modi- 
fied for the engineering assessments. 

The aunntitntive dnfa sheets, to he sutiinitted to ACAP by November 1» 1972^ 
and the "five-year plans", due by the end of January 1973, will then be 
distributed by ACAP to the discipline groups for consideration and planning 
action by the individual institutions and by the discipline^ groups. 
Copies will be made available to the meinbers of CODE* 

Departments are encouraged to discuss their preliminary plans with the 
appropriate discipline group prior to formal submission in January and 
the discipline groups should be active in their planning function 
throughout this period* 

3. Each Discipline Group will be charged to prepare from the statements a 
report on Ph.D. activities and plans in their discipline area, noting 
both apparent conflicts and gaps in both areas of specialisation and 
enrolments. Reports will be distributed as above, by che end of 
February 197 3. 

4. Each University may modify the above statements in the light of the 

above and in consultation with the Discipline Groups and other Universities" 
as appropriate. Subsequently the Discipline Groups will finalize their 
reports, which are due to ACAP by April 15, 1973. 

5. Tlicse statements nnd reports, along with the regular ACAP assessment data 
(to bo prepared during the above process^ perhaps with CODE "data bank" 
collaboration) shall form the data base for the assessment teams. Failure 
to meet deadlines will not be allowed to delay proceedings. 



(a) 
(b) 
(c) 
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Tho Coordinatliig^Task Force will review. the dcUiled terras of reference 
to be given to the consultant teams, particularly in the educational 
'professional areas. This is scheduled for completion by September 30, 
1972. 

Upon completion of (4) above, the Coordinating Task Force shall reconmicnd 
to CODE and ACAP whether areas in Engineering not clearly included within 
the five major discipline areas shall be includjed within the total of 
engineering activity without further review, or included within one or 
more of the mjor discipline studies, or be subject to a small special \ 
assessment process. 

CODK, with ass i stance f rom COU and utilizing outside expertise as needed, 
shall implemtnt a gpticial study of the Ineering manpower situation at 
the Ph.D. level. This study should be ^liable for consideration by 
ACAP, the Dl&'cipline Croups and the co'iu ultants prior to the drafting of 
fimil report*; and responses. Reports on the progress of this study shall 
be rtviev;ed by the Coordinating Task Force; the first report shall be due 
by the end of 1972. 

The formal asspssffient and consultative process shall conanence on completion 
of (4) and the consultants shall be {Provided with a general statement, in 
addition to the data base material, terms of reference, and other relevant 
documents. This statement which has been prepared by the Coordinating 
Task Force and is referred to in section CI of the Terms of Reference for 
the consultants is intended to draw attention to some features of the 
Ph.D. in Engineering which the Task Force cons/lders distinctive enough to 
merit partirul.ir consideration ny tot- consultants. Loucational, prores- 
sional and research concerns will be emphasized. Briefings and dis- 
cussions with ACAP and tho appropriate Discipline Group will complete 
the first stage of this process. Tlicse discussions are expected to 
occur about one month prior to the first visits and the visita themselves 
will be concentrated in thu month of May and June. 

Tl>e next stage consists of consideration of the available material by the 
consultants. University visits, meetings with the Discipline Croup, and 
the preparation of a draft report by September 1, 1973. 

The draft report'? will be made available to the Engincorinft Deans and to 
the Dlsciplinf Croups to provide for initial feedback to the consultants. 
There will b^- or.il response from the Discipline Croups to. the consultants. 
FoT1«>v!ncT f-},iy the consuit.-mf s vi)\ dr.ift their final report s -wh I rh wHl 
be followed by official responses from the above groups nnd finally by 
con.-^.i deration by COU. (Tlie above is intended to make clear that while 
feedback to the consultants from the Discipline (Jroups is desired and 
exptcted, the draft report k arc not to be distributed for open discussions 
within departments.) 
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QUEEN* S - 
TORONTO - 
WATERLOO - 
WESTERN - 
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W.B. Mackay 
C.B. Alcock 
P. Niessen 
J.D. Brown 
W.V. Youdelis 
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Ontiri^ Cotmcll on Graduate Studies 
By-Law No. 3 ^ 

- , ■ . ■ ' ■ - . 

A- By*i.av7 to establish a Conaalttee on the Academic Planningfdf Graduate Studies. 



1, The antario Council on Graduate Studies, recognizing the li&portance of providing 
. for the continued and orderly development of graduate studies in the Ontario 

universities, establishes a Standing Committ^^e to be knovn as the Advisory 
Cornmlttee on Academic Planning (abbreviation - ACAP). 
Interpretation 

2. In this By-Law, 

(a) "Committee" without furthet specification* means the Advisory Committee on' 

Academic Planning; 
Cb) "Council" or OCGS means the Ontario Council on Graduate Studies; 

(c) "Conmittee of Presidents" or CPUO means the Committee of Presidents of 
Universities of Ontario; 

(d) "university" means a provlncially assisted university in Ontario; 

(e) "discipline" means any branch or coa*inatlon of branches of learning so 
designated; ' 

'\. 

(f) \ "discipline group" means a bo^y designated as such by the Committee of 

Presidents of the Universities of Ontario, and normally consisting^ for 
any one discipline, of one representative rom each of the interested 
universities; 

Cg) "planning assessment'* means a formal review of current and projected 
graduate programmes within a discipline or a group of disciplinef? ; 

(h) '*progrkmme" signifies all aspects of a particular graduate undertaking; 

(i) i^^'^ationalization" means the arranging of graduate programmes in order to 

aviid undesirable duplication, eliminate waste, and enhance and sustain 

/' 

quality. 



Jlemb^rshlp 

3, (a) Tht? Committee shall conaiist of at least seven members of the professoriate 
in Ontario univoraitifs, sotne of whom shall bt? members of the Council, 
(b) Tile members of the Committee .shall serve for such periods of titne as the 
Council may deterraine, and they shall be selected in such manner as may 
provide for reasonable balance both of academic disciplines and of 
uaiveriiities. ' , . 

<c) Tht> members of the Comnittee shall be appointed as individuals. 
t!hairin:»n 

The Chairman of the Coimittee shall be named by the Council, and he s^hall have 
one vote. 

5, A ninjority of all members of the Committee shall constitute a quorum. 
Fund ions 

fi. T\\o functions of the committee shall be 

(a) To advise OCCS on steps to be taken to implement effective provincial 
planning of graduate development; 

(b) To promote the rationalization of graduate studies within the universities^ 
in cooperation with the discipline groups; 

(c> To recomrnend, through OCCS, to CVVO the carrying out of planning assessments 

of disciplines or groups of disciplines and to recommend suitable arrangements 

and procedures for each assessment; 
(d) To supervise the conduct of each planning assessment approved by CPUO; 
<v.) To respond to requests by CPUO to have a discipline assessment conducted 

by proposing suitable arrangements; 
(f) To subnill til CPlXi the n-purts of ttie assessments together witii any ' - 

recommendations which the committee wishes to make* A copy of the report 

shall be sent to Council • 
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Jurisdiction 

?• In order that the Conunittee may diF^charge th^ functions described in Section 6 

abavti^ it shall be authorized \ 
■ ■ ■ ; ■ • \. . • ... V • 

(a) to reqmst a university to provide such information pertaining to graduate 

studies as may enable the Committee to discharge Its functions; 

(b) to request a discipline group to provide such information as may enable 
the Cotroittee to discharge its functions; , / 

{i ) to receive reports from the universities and from the discipline groups ♦ 
and to comment and communicate with the ia>iversities and the discipline 
groups concerning such reports; 

(d) to convene a i^eting of any discipline group for the purpose of discussing 
the dt^velopment to date* and proposals for the future development of 
graduate studies in the discipline concerned; 

(e) to ^end one or more representatives to a meeting of a discipline^ group 
at the invitation of the discipline group; 

if) to nr*ake such suggestions to a discipline group as may be deemed appropriate 

to the functions of the Committee; 
(s) to supervise the conduct of planning assessments^ and to report thereon 

to the Committee of Presidents of Universities of Ontario; 

(h) gi-nerally to report artd to make recommendations to the Council; 

(i) to seek and receive advice from appropriate experts; 
(j) to employ consultants in connection with planning assessments; 

I^rocodureK 

8, Tlie procedure to be followed by the Committee shall be as approved by the 
Committee of Presidents of the IJniversitics of Ontario. 

9, The Committee function is solely advisory. 
Kffertive Date 

10, This By-Law shall take effect January 1971* 



ACAP JrSCIPI.INE GROUPS AND THEIR ROLES 



I . Estttbl {ahwent of a' Graup ' 

Mien it Is considered desirable to activate planning of graduate work in some 
discipline(s) or Interdisciplinary area, COb^ on the advice- of OCGS. will- " 
authorl^o the establishmf^nt of an ACAP discipline group* if it was not already 

approved and included fn fhe ^^ay, 1968 list. If it is already authorized. 
ACAP may decide to «»:;t it upias described in. paragraph b. 

Tho !:xv'cutive Vice-chairman of ACAP will then invite the executive head of each 
university (including Waterloo tutherah University) either to nominate a oenber 
of the discipline group or to Indicate that his university has no plans for 
graduate study In this discipline in the next five years or so. If a university 
can state no plans for future graduate work in the subject, but feels that a 
watching brief is desirable, it may appoint an observer to the group. 

Changes of a university's representative are to be notified by the executive head. 
The group shall select its own chairman. 
~ 2, Meetings 

A discipline group may meet at the call of its chairman or in accord with Its own 
arrangements, 

A discipline group may he called to meet by the Executive Vice-Chairman acting 
for AG\P. 

^* R t-'spons ih 1 1 i t i es 

The group is to keep under review the plans for graduate work in its discipline'^ 
in Ontari.i, Including new developments and trends in the discipline, and to make 
reports to ACAP on a regular basis. 

Tlie group may make recommendations to ACAP in connection with graduate work in 
its discipline when it considers it appropriate. 

ACAP will assist the group in obtaining information and data, as mutually agreed. 

\'J\ien COl' !ias instructed ACAP to conduct a planning assessment, the discipline 
group will assist and advise ACAP in determining procedures and terms of reference 
will roport as requested and will generally facilitate the anr.essment . 



Appiovcd by t)CGS March 22. 1973 
tn-.! hv (•^^• xpril ft, 1973. 
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JOHN J. JONAS 



Bom Montreal, Quebec, December 8» 1932 

B.Eng. , McGill, 1954 
Ph.D., Cambridge, 1960 

Steel Coffipany of Wales. 1954-55 



McGill University, Assistant Professor, 1960-65 
Associate Professor, 1965-73 

Associate Dean, Faculty of Graduate Studies, 1971- 
Proffcfssor, 1973- 

Member, American Society for Metals 

Member, Am*;rican Institute of Metallurgical Engineers 
Member, Institute of Metals (U.K.) 

Visiting Lecturer, University of Sheffield, 1968 

Visiting Professor, Chalk River Nuclear Laboratories, 1971 

National Research Council Exchange Scientist, U.S.S.R., 1973 (Sunnner) 

Mechanical metallurgy; elevated temperature deformation of metals and 
crystalline materials; dynamic recovery during hot compression and extrusion; 
substructure formation and stress-strain rate-temperature relationships during 
hot working r & 

Address: Department of Metallurgical Engineering 
McGill University 
P.O. Box 6070 
Montreal 101, 
Quebec, 
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THOMAS B. KING 



Born ScotlanU, April 27, 192 3 

B.Sc., Ula«g«w, 
I'h.D. , r.iasgow, 1950 

Clyde Alloy Steel Company, Rt-suarch Metallurgist, 1945-47 
University of Stj^chclydf, Lecturer, 1949-51 

Mastiachusvtts Insttltut** of Technology, Assistant Professor, 1953-57 
Associate Professor, 1957-61 
Professor, 1961- 
Head of Department, 1962-1972 

Mombt»r» American Society for ^letals 

Fellow^ American At^ademy af Arts ^nd Sciences 

Membor, /\raeriran Institute of Mintng^ Metallurgical and Petroleum 
Kngineors (Dir**ctor, 1964) 

Motallurgical thermodynainlci? and kinetics 

•w * 

Addref^s: Department of Metallurgy and Materials Science 
Room 8-106 * 
Mas^?achuKetts Insrtitute of Technology, 
Cambridge, Massachusetts 
021 39. • 
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W. BENNETT LEWIS 



Born Cuiinberlahd, England, June 24, 1908 

8. A.., Cambridge, 1930 
M. A. , Caiabridge, X93A 
Ph.D., Cambridge, 1934 

Honorary Hagreeax 



OSc. : 



Queen's, X960, University of Saskatchewan, 1964, McMaster, 1965 
Dartmouth, 1967, McGill, 1969 



^•j.^-^* I960, Carleton, 1962, Trent, 1968, University of Toronto, 1972 

University of Candjridge, Denjonstrator, 1935-37 'n 

Lecturer, 1937-39 \ 
British Ministry of Aircraft Production, TelecownunicatiWs Research 
Establishment, 1939-46* Chief Superintendant , 1945-46 ^ 

National Research Council of Canada, Director, Atomic Energy Division, 1946-52; 
Atomic Energy of Canada Ltd.. Vice-President, Research and Development, 1946-63 
StiiJior Vice-President, . Science, 1963-73 
Retired, 1973 

Order of the British Empire, 1946 # * 

American Medal of Freedom with Silver Palms, 1946 » 

Public Service of Canada, Outstanding Achievement Award, 1966 

Companion of Order of Canada, 1967 

Atoms for Peace Award, 1967 ^ 

Special Gold Medal i Canadian Association of Physicist, 1970 

Fellow of the Royal Society 

Fellow of the Royal Society of Canada 

Member, American Physical Society 

Fellow, American Nuclear\Society , Vice-President, 1960 
President, 1961-62 

Radio activity; radio; eiy^jtrpnics; radar; radiations; nuclear reactor physics; 
fluctuations; reactor ecohomi^s and materials; 'fission gas behaviour; economics 
of nuclear power; high jj/ov&r accelerators 

Address: Box 189 \ 
Deep River ^ ^ 

Ontario 
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WALT I- R S. OWEN 



Born Liverpool, England, March 13» 1920 

B. Eng.t Liverpool, 1940 
M. Eng., Livt^rpdol, 1942 
Ph.D., Liverpool, 1950 

rnivtTrtlty of Llvi?rpool, Assistant Lecturer, 1946-48 
Lecturer, 1948-1954 

Henry Bell Wort ley Professor, 1957-66 

Dt'an of the Faculty of Engineering, 1962-65 
Massachurtetts Institute of Technology, Research Staff, 1954-57 
Cornell University, Thomas R. Briggs Professor, 1966-70 
Northwestern University, Dean, Technological Institute, 1970-71; 

Vice President, Science and Research, 1971-73 
Mijssachusetts Institute of Technology, Professor and Head of Department 
of Metallurgy and Materials Science, 1973- 

Trustee, American Society for Metals 

Member, American Institute Mining, ffetallurgical and Petroleum Engineers 

Member, British Institute of Metallurgy - 

Mt?niber, Iron and Steel Institute of Japan 

Member, American Society for Engineering Education 

Physical metallurgy of steel; deformation and fracture of solids; 
martensltic transformations. 

Address: Department of Metallurgy and Materials Science 
Room 8-309 

Massachusetts Institute of Technology 
Cambridge, Massachusetts 02139 
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COMMITTEE OF ONTARIO DEANS OF ENGINEERING 

RESPONSE TO ENGINEERING PhD ASSESSMENTS 



Preamble 

Individual reports of PliD Assessments have already beea received by 
discipline groups and by individual universities* Both bodies will 
undoubtedly make detailed cosmnentary on the specific reports which are 
of direct concern or Interest* In view of this » CODE has decided to\ 
forego cotnment on such specifics^ and has determined to refer only to those 
matters of a more general nature Which affect the uxiiverslttes collectively^ 
In choosing to frame its response in unitary faHhion^ CODE wishes, at the 
outset, to emphasize that it views engineering education and practice as a 
total activity instead of a discrete set of unrelated disciplines such as 
Chemical, Civil, Electrical, Materials, Mechanical and Hetallurgy» etc* 
This theme of relationships between disciplines withia a faculty > and 
indeed between faculties, will recur later in the report in subsequent 
discussions* 

Of the ten topics on which CODE sets out its ^responses*, three are 
considered to be of primary importance manpower, quality, and critical 
size* Consequently, they have been covered in somewhat greater detail 
than have other topics of interest, in order to provide identification and 
emphasis, rather than a fully developed ^position^. 

the primary concern in this response is unquestionably that of quality 
over quantity* In assuming this position CODE realizes that the indicators 
of quality are undoubtedly staff, studmits, progranmes and facilities* . It 
Is difficult to assess the precise hierarchy of these four basic parameters. 
Suffice it to say that, while the first two are paramount in terms of 
establishing potential for excellence, the last two are important in 
realizing this excellence. 

CODE offers its resources in such further and subsequent amplification 
as may be useful to the purposes of the Council of Ontario Universities* 

Manpower 

CODE is in agreement with the general observations of the consultants 
with respect to the PhD manpower situation. It appears clear that the 
supply of PhD candidates will be limited by the availability ol^ ^ligh quality 
entrants* The relatively small numbers of Canadian g£*aduates entering 
PhD programmes is a cause for concern* If Canada is to advance industrially, 
it would be expected that there would be an increasing d^oant) for high** 
technology support. "An under-supply of PhD graduates in engltneering would 
not be in the best interest of society. There is clearly no evidence of any 
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cver-3upply because of the way engineering graduates at all levels art* 
st'en to diffuse widuly through industry, coimercc and -government; tbert? 
appears no prospect of this becomins a problem in the future. 

com: r^iali2es the importance of taaintalning up-to-date knowledge 
of positions taken by the PhD gradtiates of. the Ontario Engineering schools 
and intends to ensure that such information is updated annually. A copy 
of a recent survey is included as part of this response* It vill fae 
noted from this survey that there has been a shift In the area Qf 
ercploynicnt of eaginetjring PhD*s towards industry. 

In tlh? light of the consultants' analystis, and of the appended data, 
there is no need for quotas or ceUings on doctoral students. CODE will 
continue to report on the number and origins of doctoral students in the 
various engineering schools, on an annual basis. * 

Qual i ty Kniphasis 

(a) Admission 

CODE is pleased to note that the consultants have agreed that lilgh 
admission standards to engineering doctoral progrananes generally 
prevail. 

CODE, therefore, supports the contention that existing minimuni 
entrance standards to PhD prograimBea sliould be maintained across the 
Province. CODE believes that a post facto analysis of admission 
practices, widely publicized, will be. adequate to ensure this 
objective. 

In application of these standards, it must also be acknowledged that 
certain defensible exceptions will occur with respect to those with 
known special abilities or those who have demonstrated superior 
ability in research, design and innovation in their post -baccalaureate 
experience. 

CODE fully supports the view of the electrical consultants that it is 
"in Canada's interest, especially in international competition, to 
liave strength in high-technology research and development" and for ' 
this to happen there must be an objective of "high standards of 
excellence with emphasis on quality", 

(b) Programmes and Faculty Facilities 

CODE recommends that totally independent and representative bodies 
continue to oversee negotiated development grants and the formation of 
centres of excellence. These are matters better left outside the 
Jurisdiction of sucl» a body as CODE. 

<'') Undergraduate/Cradiiato Programmo Helationship 



CODi; supports the Contention that the continued existence of a live, 
up-to-date undergraduate programme requires the backing of a good 



research programme and participation in professional practice by 
mcmberH of the faculty. The research activity, in the prevailing 
traditiotti is most easily met through tha provision of Master*s 
and PhD postgraduate programmes. 

(d) Quality Indicators 

In addition lo the observance of university regulations » and the use 
of high callbra external examiners ^ the observed career performance 
ot doctoral graduates can be used as a 'quality indicator^ 

Critical Size for Doctoral Programmes 

In order to be viable* a PhD programme must provide a su*f ficient 
range of interaction for the student* He must be exposed to enough faculty 
members and enough other students to provide adequate breadth of 
experience and instruction* The adequacy of this breadth cannot be judged 
exclusively by the size of the department in which he is regis tered« 

The ACAP assessments, by being completely vertical^ miss the rich 
horizontal components which can and do nourish and sustain viable doctoral 
programmes in both small and large departments and faculties. Resources 
from other divisions of the university^ other engineering departments^ 
industry and» indeed^ other engineering faculties must be considered in 
any realistic analysis of PhD programme viability. 

Size is not a sufficient criterion for Judging whether a school can 
offer a PhD programme; there is no a priori reason why a small school 
cannot provide as satisfactory an elivironment for the student as can a 
large school. ' / 

Engineering in the Wider Context 

CODE would draw attention to the need to view the totality of the PhD 
programmes in engineering not just in isolation > but also in the context 
of other related disciplines; e*g. physical^ life and social sciences. 

To progress technologically in such a way as to improve the quality/of 
life not only In Canada but also in other parts of the worlds it is 
essentidil th^t there be work proceeding concurrently in the ^forefront of 
various othfr disciplines which impact on engineering*' It Is anticipated 
that increaiJinsly advanced work in various areas will need to proceed in 
a more integrated fashion and it will be essential to have available high 
level manpower in the physical^^ life and social sciences, economics , and 
management » for instance* together with similar capabilities in engineering. 

' . V 

Research Emphasis and Releyance 

As a result of the ACAP Engineering Assessments^ there is now readily 
available information about research projects underway in all the, Ontario 
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Engineering Schools- The system would have profited more had the 
coudultaut.s coinnieuCt.Hl iu deldLi On this infornution and offered 
substantiatt'd specific advice- on thu topics of^omphasis and rtilevancc. 

CODE feoU that PhD pcogrammus in engineering should be flexible 
c'fiough tu cover a broiid range of topics. Research activities could and 
nhQuId range from mission-oriented research of ah, Iminediate and perceived 
.social or industrial relevance through to very fundamental or basic 
research. Ihe overall thrust of PhD research pragcaoiues should be towards 
advancing fundamental engineering knowledge required for the solution of 
presunt and future engineering problems. 

CODE also feels that a plurality of sources of research support is 
a relatively effective means of ensuring that a broad spectrum of research 
activity is undertaken within the engineering schools. The existence of 
a variety of granting bodies, with a spectrum of interests represented, 
including a significant academic component, appears to be an effective 
method of control. 

Level of Support for Doctoral Students 

CODE strongly supports the contention tiiat levels of support for doctoral 
students must be Increased substantially if more Canadian students are to be 
attracted to entering do'-toral progrananes in engineering. 

It should be noted that foreign graduate students have been willing to 
undertake PhD studies at the levels of support available and have subsequently 
filled positions within Canada. Positions have been available for PhD's - 
these have been filled largely by landed immigrants who have either completed 
VhO study in Canada or who have comt> to Canada with a PhD. 

\ • ■' ... . 

The recent increases in both the cost of living and salaries offered 
by industry to engineering graduates makes it even more urgent that inracd late 
action be taken to increase the support for doctoral students. This is 
particularly true if post-baccalaureate experience students are to be attracted, 
Therefore, it is important that more opportunities be available for this 
particular type of doctoral student in engineering. 

Part-1 iine/Non-Kesiden t 1%'ork 

CODE would encourage continued experimentation in this regard. It is 
folt thai malritenanre of somi^ Institutional contact is essential, however. 
It is felt further that any part-time or non-resident work should normally 
be by individual arrangement, fhis would not, of course, preclude special 
ai-rangemtintti between a resoaicn institution or industry/ government laboratories 
and a jMrticular university or universities, 

Intt'r-Iinlversity Activities and Facilitating Mechanlsins 

CODi: would support any action designed to increase the effectiveness 
of tl»e provincial resources in faculties of engineering. The holding of 
discipline meetings, the sharing of equipment, interchange of credits for 



graduate courses, collaboration between groups within various institutions 
and HO on ;iri' to be encouraged. It is emphasiaed that co-operation often 
involves travel and other expenses that are not always readily available 
in individual schools and that this matter is worthy of further investigation. 

It la notiid that inter-university activity is proceeding especially at 
the *grass-roots' level and this can be aided and abetted by CODE. It is 
also noted that various university industrial research institutes and 
similar agencies have facilitated some inter-university cooperation largely 
through use of Individual expertise existing at various institutions. 

i he Hole of the PhD in Entrepteneursh ip 

CODU feels jthat entrepreneurial activity by PhD's is something which 
cannot be legislated. However, it feels further that the PhD has» by 
virtue of his total background, significantly greater potential for success 
in such activity than has the iManber of the general populace. It suggests 
that there are two avenues of encouragement which can lead PhD's in greater 
numbers into entrepreneurship. The first depends on the educational 
institution itself, which must, by appropriate orientation and emphasis, 
devtilop an interest in or leaning towards innovation, independent practice, 
or entrepreneurship. The second depends on progressive governstent support 
programmes of various kinds, directed to reaching a 'climate* competitive 
with that found in other industrial economies of comparable size. 

Cost-Benefit -of the ACAP Studies 

CODE has noted that no major measures are proposed that would greatly 
enhance the quality of the PhD effort in Ontario. Indeed, CODE records its 
pleasure at the broad and independent affirmation oi the consultants as 
to the strengths and qualities which have developed in Ontario PhD programmes. 

The full programme of ACAP studies is as yet incomplete. CODE has yet 
to be convinced that the extensive funds and efforts devoted to the studies 
would not have been better spent in direct support of existing PhD programmes 
in engineering. 



AMS/dd 
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RF.PUR'f iVA XiilL COUk: KNUIM'EKINC; UOCIUIUU- i:MPLi?YMi:NT SirUAllUN, OCTUiiEK 1973 



In November 1973. fHiii^^biirs of tilt' CuinniXLCuu c>f Di^uns of El^ginccring 
the novinoe of Ontario again s^ypplied data on the status of tliiiir 
enninuering PhD graduates during the period JfovetTib^r 1972 until October 
1973» The results are cois^pared in Table 1 with those for 1972. 

Again thl.s year* the niajurit / uf the graduates were in Chemical, 
Civile Electrical and Mechanical -ineering. The total is up substantiallv 
to 177 from 124 in 1972. ' - 

UnciKpluyment: is up from one in 1972 to three in 1973 (approxin^atel y 
1*7;- of tlie total)* 

Approxinutely 171; have left Canada* which is the same as for previous 
years and Is probably due to the return of foreign students to their home 
countries. 

A notable increase in tinipluyment in Industry has occurred^ up tt: 33% 
from 21% in 1972. The number en\ploye<i in Canadian universities is up to 
26% from 212 in 1972. This has been aw:companit:d by a decrease in post- 
doctoral fellowships fro^ft 232 to ll/':» 

The overall conclusion is that tltere is still no serious unemplojmiont 
among recent Ontario PhD graduates in Engineering despite predictions to 
Che contrary. In fact* a hecilthy trend tovard/^heir increased utilization 
in Canadian Industry may have been established^ 




Ueceriber 13, 1973» 
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APPENDIX B 



i'onmit'ii I s on C KMt' Roport 




•*Sypply aiW Ui?mand for Knglnecring Doctorates in Canada'* (July 1973) 
Submitted by the Committee of Ontario Ueans ot Engineering 



Commendation of thi.s report can be miide in a general sense on tuo main 
scortis. Firstly^ the consultants have ^ on assignment, tackled in a 
straightforward manner, what is generally acknou^ledged to be a most _ difficult 
tafik ^indeed; where qualitati^rely It Is not possible to assert all possible 
parametcrn, and quantitatively, it is not possible to obtain reliable data 
iin all accepted parameters* 

Secondly, the consultants have in their report introduced with somie 
cari^ statements relating to cha qualifications and limitations of the many 
elements entering into their predictions, and have emphasized that this is 
only a beginning - ergo, a very preliminary report. 

4%ithin this general context, however, there are a number of criticisms 
to be advanced* 

1. Supply 



The methodology has been clear ty enunciat*^ \ and the assumptions 
stated* Nonetheless, projections have been made oh a three-level 
approach (high, medium and low), establishing bounds which may well 
be broken as and when certain assumptions become less or more operative. 
Some indicators are already present as to the dangers of some of the 
assumptions. 

!•! Admission requirements are not static, and are increasingly adaptable 
to the changes in the high school* Three other important aspects must 
be added* There is^ firstly, foundation for expecting a major growth 
in the number of women entering engineering. Secondly, the **market- 
place" reaction with a rapid response in the 1st year enrolment to a 
proclaimed shortage in engineers will continue to be operative. 
Tuirdly, there is further indication that advanced admissions (through 
the stop-outs returning, through technology graduates admissions, etc.) 
fire fncreasingly important in enrolment projections. None of these 
has been clearly taken into account in this report. A further aspect 
could well be added, which Is also ignored in the report, but is less 
easy to define though it will contribute to the instability In prediction 
of 1st year enrolment*^ This relates to measuring the full Impact of 
niafor educational changes on the Canadian scene. The effect of the 
CLCCP^s in Quebec in particular, as well as of the C.\AT*s in Ontario, 
is yet to be clearly perceived, let alone settled into a measurable / 
or stable influence. 
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The two data bases aelected fo^ examination were the nimber of 
inastet 's degrees and the ni^er of baccalaureates. The discarding 
of the master's degrees/doctorate degrees ratio as credible seems 
to ignore the very recent developstent of tnany doctorate progranHnes 
as contributing to a rapid change in thlc ratio. The total postgraduate 
effort in engineering in Canada is of such an emerging character that 
rates of change must be evaluated much more carefully. This is 
equally true for the baccalaureate/doctoral ratio selected as a data 
base. The evidence for stabilization in this is slight, and even the 
select ion of three ratio levels is likely subject to tiiajor error 
througti neglect of variable factors in an easily perturbed system. 
The changing pattern in the number of Canadian baccalaureates who 
earn doctorates outside the country is one further feature of a system 
which as yet has little maturity or stability in it. This aspect of 
immigration was noted in thp resport as one for ^rtjich no data vas 
available - which ignores one fully-documented part of the system, the 
Athloue Fellows. ' 

The utilization of the baccalaureate/doctoral ratio as ^- data base for 
predicting future supply has another feature which is inadequately 
considered and analysed. This relates to the forces which are 
operative on graduates of Canadian engineering schools vis-a-vis 
their proceediTjg to doctoral work. Graduates of the engineering 
schools of Canadian universities have never come forward in substantial 
numbers to undertake advanced study and research. The tradition of 
such a choice, and indeed the number of opportunities for such advanced 
work, are relatively new on the Canadian scene. The expansion of thA 
graduate schools over the past decade has been effected therefore by 
the attracting of students with overcc:ia degrees, particularly from 
Asia. Many of these students from overseas have been or have become 
landed immigrants, have stayed in Canada and have taken jobs as PhD's. 
These jobs have been available, they have not been taken up by 
Canadians who seem to have .preferred to enter the work-force earlier, 
immediately after obtaining the bachelor degree. There are probably* 
many factors which have conditioned the particular choices of Canadian 
engineering graduates -at the bachelor level, but primarily it is 
probably a combination of (a) the fact that they have been' so readily 
absorbed into the economy at that level, and (b) the fact that the 
level of financial support available for graduate study has been too 
low to make them feel that the sacrifice is worth it. For the near 
future, unless the proportion of Canadian bachelor degree graduares 
cho ;ing to undertake PhD studies changes drastically, die numbers of 
qualified applicants coming forward will certainly decline. At the 
sanse time as ^he gra'^uate schools in engineering become Increasingly 
well established and recognized, and as high technology factors including 
ItM *>ncouragoment through government policies increasingly become operati 
the opposite effect could well occur. The Imprecision therefore in 
assuming a stabilised bachelor/doctoral ratio is greater than assumed in 
the C KMC study. 
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1.4 in the consideration of the report, moreover^ one should not perhaps 
overlook the possible impact of events occurring in other jurisdictions. 
The report suggests that the annual number of bachelor degrise graduates 
will fail from about 4^500 to 3^000 over the ttext three years, with 
most of this decrease due to a falling-off in freshmen enrolments in 
provinciis other that* Ontario* This could suggest in itself a likelihood 
of fewer qualified Canadian graduates available for PhD studies at our 
universities^ This must be viewed i^ conjunction vith the situation 

in the U.S* where undergraduate €^rolmeiits in engineering have fallen 
very sharply over the last few years and this will lead to a very 
substantial decrease in the number of bachelor engineering degree 
graduates over the next few years* Tha combined Canada/U.S. 
graduating class was about 47,000 in 1971, It; will be only about 
35,000 in 1975, One might wonder whether » because of excellent 
opportunities at the bachelor level, a smaller proportion might proceed 
to PhD work or conversely, whether the lack of anxiety about employment 
proHpects at the bachelor level will give more studeitts the confidence 
to continue with their studies* 

1.5 A further major criticism of this part of the report re^ats not on the 
methodology^ elements of which have been discussed above, but on the 
basic data used in the calculation steps. Without examination of each 
and every set. of data used, it can nonetheless be indicated that the. 
rather complex combinations of undergraduate enrolment and graduation 
data from Statistics Canaiia, from ETC enumerations, from the "Ring 

of Iron'V f or Ontario leave some inconsistencies* The number of bachelor's 
graduations and of doctorates were obtained only to 1970-71, while the 
number of master's degrees wexfe recorded for 1971-72. In view of the 
rapid build-up in Canada of doctorate degrees (from 78 in 1965-66 to 
216 in 1970-71) it would have seemed to be quite important to ^establish 
the 1971-72 figures before final projections were carried out. In 
view of the prominent place taken by the Ontario system contribution 
It is indeed surprising that mtore current data at hand in COU (ACAP) 
was not utilized. Nonetheless, it is fair to point out that the actual 
doctorates in Ontario for 1972 and 1973 respectively were 124 and 177, 
and that the former figure compares to the low level projection for 

1971- 72 of 126, and the latter to the high level projection of 172 for 

1972- 73. At least the projection band width used just encompasses the 
first stages of comparative actual data. 

2 . Demand 

The report includes a comprehensive survey of manpower demand methods, 
and a careful statement of the method followed for each of the sectors 
explored, Ins well as its limitations. This demand aspect of the report 
is the one which has received the most criticism from the ACAP consultants 
in the five engineering fields assessed. Our criticisms encompass the 
major elements of those comments in summary form as well as tho^e voiced 
by the engineering schools in Ontario. 
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Ed ucational Sector 

The ccJtisuItants* use of a model for the estlmatliDn of future demand 
In the educational sector is deceptively attractive. Essentiallyn 
their mf>del w«s based on a staf f-^student ratio as a base» adjusted for 
retfrement, mortality and migration. They concluded that to 1977-78 
(at least) the deinand fcir engineering doctorates would be essentially 
zero, and then admitted "this will not prove to be an accurate 
scenario**. They then rest their case that In both universities and 
other educational institutions^ the deniand will be "minitaal*** In the 
dictionary sense of the least attainable or extremely minute in size > 
it is difficult to read into ♦"his other than' essentially no demand* 
Even though rather elegantly derived, we find it hard to accept such 
a conclusion* particularly when the Ontario system Itself projects ' 
now a demand for about 20 for 1974. Some of the parameters which 
would be omitted by the model used include increased demand through 
major block research grants^ through mission-oriented research^ and 
through the development of new programmes and areas « Tlie report does 
deal at length with the question of ^'substitutability between inputs"* 
but does not weigh it to the level where it would not be balanced by 
other factors. This question of substitution will also be referred 
to below in considering the total demand-supply picture* 

Government and Industry Sectors 



In these sectors the consultants chose to establish stock data and 
forecast demand fur 1974* 1975 and 1978 by direct survey • From the 
many criticisms and indeed specific refutations that can be made* it 
is clear that this survey has been far too narrowly cast* In the 
government area this is certainly true regarding the narrowness of 
definition used. In the industry area it includes not only that 
limiting factor, but became subject to both incomplete data through 
using wrong sources* and through important omissions, to some degree 
the consultants were well aware of these deficiencies* but were 
obviously more conscious of them for the forecast demand data than 
for the stock data where equally gross errors and omissions seem to 
have occurred. One example of such an error is in the stock of 52 
in 197 3 attributed to AECL* compared to the 90 actual in 1973 as 
provided by the Metallurgical engineering consultants in their report 
to ACAP. Other reports to ACAP specify other examples. 

It lo hard to escape the conclusion that the inadequacies of the demand 
survey are far greater than the consultants envisioned* and their 
errors of omission are much greater than they estimated. 

Geueral 

E durat tonal Planning and Manpow er 



Whal appears to be a basic premise of the report as contained in 
paragraph 1 on page (1) deserves comment* viz.* 



**Naw, a generally accepteU view is that the expected 
labuur uuirket fur graduates of a particular speciality 
should iufl ueacu policy and planuins Iti post-secondary 
education in that area." 

This view fliay nut he as generally accepted as one might be led to 
beliiwe. The particular philo:,uphy outlined can, taken to extremes, 
resitlt in a sliortntshted and constrained view of a university. It 
could well be argued that too marked a distinction has been drawn 
between vhat is educational and what is vocational. Recently this 
has been convincingly stated to be one of the ra^jor misconceptions 
iu hi>;her education planning^. The danger in as^suining that all but 
preparation of people for specific jobs is wiong or wasteful is not 
just in the short-sighted effort to establish a one-to-one 
reiationshlp between education and jobs. Rather it omits the important 
fact that vocationally oriented education is not wasted if it is not 
u^ed in tlie specific vocation toward which it was directed. As Bowen* 
statc|^, "Ic is no mark of failure, rather a mark of success, ^hat 
education - even strictly vocational education - has wide applicability 
and produces flexible and versatib^ people". The PhD graduate even 
if he takes a vocational route Initially may well very soon find 
hims4elf in positions where his PhD can be regarded only as part of 
his general education or as a contributing factor to his intellectual 
development or problem-solving ability. It is not difficult to give 
examples of this "diffusion" of PhD's through a ^Vocational'V period 
to positions of quite different responsibilities in industry, 
governijieats and the universities. The consultants gave careful 
attention at one stage in their report to this "diffusion" or 
dispersion, referring properly to the recent University of Toronto 
study. However, they did not then "factor" it in to either their 
sitpplv or their demand projections. In our view, significant allowance 
should be made tor it. On the supply side, both Into tho baccalaureate 
str^Mm as well as int<? the doctoral stream in engineering the 
vocat ional /educational issue is not clear-cut nor should it be* On 
the deiivmd side, there must be allowance nade both for the sub^titut-- 
ability throuj^h flexibility even at initial employment levels, and for 
increasing mobility and transfer into wider areas such as management 

experience accrues. The dift lenity of quant if ying this is well 
apprcciati^d. Thr net?ci for including it in some definitive way demand-: 
t*f\\ui 1 apprur lat ion* 

2 I* f u' Supp ly anJ i )ci:utu1 Balance 

liic ri^port in lis final resitlts and conciusicns comes down strongly on 
the pru-diction of an oversupply of engineering PhD*s in the decade 
ahead* They acknowledge a ranj^e of factors which will influence both 
their supply band pro jcct ion 4^nd their demand band projection, inclttdlng 
tiie possible effect of their own report. We acknowledge this dan.^er 
and can onlv hope that it tail be niinimixed by vigorous emphasis both 



H. H. iiowen, "The fuanpowcr vs. the lree--choice principle". University 
Affairs, Jan* 1974. 
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on thti limitations of the report:* s projections but also on the 
countering, £!Vldance as it accumulates. We have indicated some 
of the aspects of both the supply and the 4^et!iand projections which 
can invalidate the narrowness of the band widths selected. Perhaps 
more Importantly in the long run Is the teal failure of any daaand 
projection to be able to take into account any but the very short- 
term skill requirements of the economy. The evidence is quite claar 
that our society has an enormous amount of work to be done with a 
lack of suf f icient^skllled manpower to do ^t. We would claim that 
the adaptability of doctoral graduates in general combined with the 
adaptability of our economy results in a surprisingly good balanceir 
The Ontario experience, wsll doctraented now for four years » indicates 
essentially no unemployment oi engineering doctorates , no unusual 
hold'-up or storage in a post-doc toijal form, and changing flows into 
government and industry as demand from the universities slacken* The 
acceptaxice* of a current balance^^ which does exist (with some evidence 
indeed of unfilled needs in some areas), could well be the starting 
point for the report's projjections*' The graphical summary given on 
page 18 would then present an entirely different picture* 

We should rise above our national tendency to be cautious and 
pessimistic, re^ognire that even a Pbn may be viewed as vocational or 
educational (hopefully both) according to the graduates perception of 
the market-place, alternative opportunities ^ his own desires and so on, 
and not deliberately cut back on PhD enrolments in engineering, 
especially on demand data of such doubtful validity as that contained 
in the CEMC preliminary report. We have so little to gain and so much 
to^lose by taking such ^n approach* We need to display more optimism 
and confidence in ourselves and in the ability of highly educated 
mairpower to seek out and create opportunities and to rals^ the le\rel 
of some existing positions both in government and industry* It is to 
be hoped that our students also will display such optimism and take a 
broader view of the value of their education, and that this view is 
shared by our federal and provincial governments. We will need this 
spirit if we are to move into an era in Canadian industry whete 
increasing sophistication and high technology become more and more 
necessary* 
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NOTES 



Ke? 1.1 

Entrance to eitgiaeering was assumed constpn*: on a demographic hnae^ 
i.e. 0,5% of male population age 15 to 19; and assuined unchanged 
eutraijce requirements. 

Re: 1.2 and 1.3 

fliH greatest danger in assuming the validity of a stable B/D ratio 
for projection purposes resides in the fact that the doctorate figure 
for the last decade includes a very large but unknown number vho 
did not come through the "Canadian baccalaureate stream. The size 
of that group of doctorates was related largely to iamiigration 
policies (now changed and changing), to research grants policies 
(which have also changed), and possibly to jsore selective admission 
policies. Perhaps a meaningful B/D ratio could usefully be 
established when the D number arises almost entirely from the B 
stream. Such data have not been collected. 

* 



